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'l'lle ~u~bcr ~ckncwledgu ...HiI alnoere epprochtlon,
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for ills ad. Ice aod a •• l;H~nc.; Or. I',T. Yeo, l\uebrcll ~ll<:lne.r.
tor ill. tacrlo!."l ~J'·lc.; !.:r. M.R. RuJ, Cr"Jueu AUlstant.
101" lila udn,,,ci> I., 8000.:o.,11.nl,.., 1I.e ti81J. worl< s.~J In
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ro. !lis very Ynlu~ole advice anJ s~eHln:ls, All urlel
l-hnLnghJl:y us&~ In t:ll ••t",y '.a. t .. ~e:l r". He Onlled "'t~tas
Deput""nt nr .,grlculture,
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Th18 Huey "5a initiated tn Sn sffort to cehr",lne If
a~rieul<ural aol1. nata oorrelatad ~lth alr~hotos wOnld
rrovlna a fa.tdr an~ ~or. eoono=leal meanS of oo~pletins
ti:e En/Slnaerlne .,011. l.Jl~pl"t: ?ro.,;r... In IJ1<lle1l8.
~e~ton County ~8a e~oaan as ti:e area for thla atudy
for twO resaona; tira<. e ~lne variatiOn In soIL <y~aa ooour
there. and seoond. the At:rlcultnral :>oil o>nrvey of .:el'ton
County Ie ooe of the more reeen< end up_to_dele aurve~·a.
Tile procedurea 8et !orth In tll18 study combine s aW'vey
of tne ~aololic eOn p,ysio.rarl,lc literature eon 8n ""0'
"aerl.11:\ evaluHlon of tl,a At;rlcultyr.,l ';011 ~urvey ~ith 8
atudy of the elrl~oto fettern •. Tne re8uHlo.o: enl':loaerlne
sol18 .... p h88 1',.,ve, &ulfi.,lenUy aocur~<e for ita lnte~dad
j'urroae. aM v"ry econ:>",lcb! in beth tloLe acd errort.
In a101<10n <0 the "nl':ln~rlni!: 8~113 "'r. typical pro-
filea uf acrl~u1tur.. l aoll aerie8 w~rs prepsr"". 'tnua
frO!llv' lllu8trate the e~lneerlu~ cnarocterletlce o! the
~oil a~r ...~ l'~~"d In N~"ton County .><,1 n"t cons1dere>. in
olfidr vyollcntlons.
I:mCJUi;T .... 11
Tha p...rpoe. or ~Illa 'luly Ie ~o pr.~r••n '~I~.erl~~
eolh repon ullllzing ~ce ,\grlcut~llr'l .wll ",'HUl or
!l..~o" CouQll ., a rrlL>rl ",,"rc~ Cor <IUa ar,j IUHI':'~"~I:>(:
it 81 .lrllOOtO IlIurfreUtioll • .,j [NU"O III.aHlo!'-~lo",
It I••n 'HI'~~ to (acllitHI t"l rr".I~e~I,," or '''ll"••rl:l£
10111 _pI of l:IOh". tbrolojlb aeUiO.U orrarI"l' .~o..O<tJ' or
tl~ ,,,1 arrort, ,.t .. 1:t_I:I~ .t,Q.I'~' or ace"rracl Ie
II::...ltll tb. Inu""a1 ....S or lL... -r'.
~e_lO" Co~nll ~_ cllcae" r"r ~~I. 'tU'l a.cau'. "f tee
_1.1' nrh,tiOlu In .01lS oc~ ".caUSe ,I., "grlcIlH.lnl ..c;ll
5 ..,..., of u.a e""MI 'ft._ IlVlO ...~ ... t .,.1 ,ce"r"'.
For .. n"......r or ~ ..,.., e c<....3IJ.r_lol. :I"..".r or angl_
o••r. oev. ~no~: tbet 'I:rlo.. l~,,::,~1 _0,1 ."r"l' eo,,~~ln~
• draat .......nt or l"ror~~Ioo uUlui In t,,(InHrlng '011
.urve,l. ho"... r, 10 Io~h"', no err"n r.., Wla .. "",la to
utll1u tJlll Inror ....~bn a. ,. prl ... ,·y loure. of II.H' In
pra~.rl"e .0l\lnurlnll '011 ""'~, of o,~ at'H'. In 194). t ...
Joint HIco",y R....rcl' I'rnJ.et l>u~ll'Il,1 lIulle~l" 87, 'Tne
'nr",nlnn, Dlatrlb.. ,lon, a ..n ~n;;1"Hrl:l(; Cllarae~~rlnlca
or :>ell',· by O.J. Belcher, L.E. GriM, and 8 on4.,
Tbl' ~ubl1e.~lon ga.. , a=ng o~har ~I.I,,£', ~r, ,,.:In••r,
Ill(; cllar.curlltlc, .nl ~J'PlcU Froril.. for H of ~""
'Ulcultural '''II urI•• _H'.! In InJI.". al tr.tot ~l,a.
!Ilia FUblicUIon r.-, I'ro_e.l ~o De cf ,;r.'t 1lI..,rn, r_r-
tlc"lIr1, ~o ''''I.I",ara 1:0 IDIllena.
SIn:. &ul1e~111 !7 ••• l~bll'b~J, • ",,~llIr cr n_~ _oil
,
aeries hove been I18ltQ~ and "'~rl'ed. ';;0"''' of H.eS. 90119 ooo~r
In N"e ..~o" County. The soil profiles lllu5tr>ted In :'flen"lh
A to this S"UdY bs'" ~en prepared on the 88~" b~.l. 88 tr.oe.
In Ilulte.l:l 67. and 14"1 be ""en for the 88:108 ,"1"1'080$.
Tnh nuny nae ne..n eoeoll:lplleheJ utllhlnr elrlOnotO
ioterpretetl"" eM 8 ll:c.Uen alLOunt ot crounn lnvutleetlon
to supple...."t the ".:rlculturel Boils sHe eyall.bte. :10
3tt..~pt Is ~d. tn thIs '~UJr to relte,.ete tn8 princIples
of "lrplloto lllterpr"t8tlo.~ and as aptllcetlon8 81ncs 8 1<.to;"
o.....b.. ,. of p"bl1cHlo.u he'-s deslt "lUI tn18 subject In seull.
Sundsrd ",,,thods of nUd umrline snd leburHory testing





To U,u engineer unhl:.lllar dtll ~t". bnle prlncJplu of
pedoloty ann tile penological 51~l'" of aoil chulflcatlcn.
Agricultural Soli Sur~.ya are virtually ua.less for an
.n~ln••rln~ ••al08tlon of ao11a. Ho~.y.r, wnan lLa angin.ar
unJaratanda ttil fo,.""t10n of 8011 fro.. ti.e pauololl:hu.'
.u.n~polM, an'" Uno"". rao.11hr dtll lna baalc Ur"'l.~olob.)'
u.ed, H caeOLU "J.-paunl loal ."luabl. lnfo.weloe or
a";::lo,,.rlo£ a\gnltlcanca cao ce found III t,...... reports.
Tile ler.:o1:1.o1ogy of tba aoelna.r and tl.e pedolollht dIt-
fef. Yor 1"8l6nC8, 8011, to lna allllln"•• , r ..Fr.... ots all
unonatalla,un ",.Larl"l a_erlylne ".lroc~. Tile I,.aologin,
b""e-.., oo"eldar. 8,,11 to 1>. only tuat ... tarial ... hlo/, "aa
b••n ",."tller.od to tl.a anact It,,,t il c .. n support pUnl llfll.
PedoloGY Is ~~e scis~ee ot soil tu,m.tloo. J~ d.ols
..,ltll tha r.e~ors -..~lell in/henco ~t,e ro,=~loo of ooil.. These
raetors are el1 ... ~e, vegetation, ~opograph)', perent ...Herlal,
eno ~I"e. Eeeh cao • jeflnHe InJ'luence on tlLe so11 profile.
T~e soil ,rotlle 10 ~lIe result or 011 tl.e fact-ou 'Mhlch
erree1. so11 ror"",~lon. Peoologhu serereu the rroflh
In~o b O~Obr ot Isyers, called llOrl~oos. ano .och hes l~s
o"n c~bnc~erl.~lc•• UO ..ecull.rHI... rigure 1 p,ueo~.
s s~bnu.rdl~.~ version of tlLs sell proflls which is In .grea-
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ai~y of c~e~ic~1 we.en~rln£ Is ~re~t becayee of
wer~ te~per8~ure and high preci~leeelon or oln
8.£e. tba ~enJency Co rehln tna ch~r8.cUrlstlca
ef til.. j.erene O:J~erhl \. reJuced. Even in a'Jch
"reU the tu~"r" 01 t"a f"Nn~ •.·,t~rl~1 will
centre I ",eve_ent or WJUr ,ea. by 'e delnt:. e<~r~
an Innu..nc .. on ~be ch.recterlHlca of Uoe soil
end the soil I'rof! h, (l)"
.... aho'." In I'lb"re 1. ebe fylly develoje" jroflle con-
.IJU of I'o~r !,OrILO"e, TJ,,, "A" "crh~n h «,a .~rl'eC"
ooriLo" e con. ate of e',e ~re~ oj' ..Ul ......" ~ccu..uh~lon of
orgenlc tU~ anJ elu_h:.lon, or "''''0",1 of cl~y ~8rllclU,
In eUJltloc, l~ l"oluJ.. a an ,rh of ~renJHIoo of ~ne .. ;.. ..
horhon ,0 ",. "b", Tbe "il n t,orhon Ia U,e ecoe of ",.,.10:"'"
Ill"vlaelon ena Is ch,r"cterlz." oy Ule accu:r.uloelon of
.ll1cn~e cley end exldea ef iron or elu~ln"~' Tha structure
h "orm.lly oleay, ~rl.~et!c, or col""",,,.". J~r"ng"r ra~
or yello.. color8. ere deveIO,,," hera. T~e "en horIzon In
,ba r&I~~lyely U~~l~&"ad or "n~on~oll~"lej rarin, ~~lariel,
Tha "0" ~orjzon In eJlY S~r ,~"m un~erlyln£ ~be "en or "a"
..lJio~ Is unlike ~h& .... ~erlal fro", '.hinh H.e soil b~9 rorll.e1.
Figure I snows & nu%ber of 8."b·nor!zons wltbln a."~
%~jor borlzon. It 18. no~ nene ••sry thot aach or lba•• be
I'r88.en~ In a gher. soil i'roflle, t..cy CG ..blc',~loc of nue
",ay ulac. In MdlUon, H Ia not naoenaery ~het ..eon Jlorlzon
or suo-norlzoo conteln ell ~ha c~r.c~erlb,lon lI.~"~.
,
There ere exce~tlon" to the !or~tlon of tbe rretlle.
1cue .... Ils 40 not Mv. c~eructulat1C" "olen fH Ltd .. concert.
,,1"0, "~ll. "nl":I ouHlop ""u"r e~tr~"'elY wet or dry caMillo""
11.$ <l"velopo"nt. TI,e eyH"..- b"...i" ~ltll e broaa alanlnea-
lton "no troceed to a.uk ellis do.." into lrogrduively " ..~l­
lar [.rou;,s ·..blen ,oueu "'ere and !:ore al ..llbritles a' eha
divisions te:elt. "~~ller.
oroa.! ell""ca eoJ .""""olve zone., ~rovldaJ that the lorog-
ra~by. u,"ure. and ",iner, lot,Y of 1,)." '011 to,.",i "B o:~t ..r Ie 1
re",,"lneJ relnIvely constant. 1',,1. clllSslfloatlon IS known
". en "(;,.1 .. ,.," .•ssocl.ted ·.. Jtll tu zonal .olls are t"o o1-har
oroer5, ct•• 111<,...zoo,1 dO" the nO:l~1. 'r,." Intr.zen,l SOlh
"ro ""vol"l"" t;; "",,,lflcatloo" of tJ.e <one\ ell""," .. ,01
v,,<-v1.utlun t'l luc~l ~fl'~ots ayoll •• tO~O<';NlilJ', 4uln~<;., or
.,,11 for_lnt: ""'<$rhis. fds oooura '~n,,". <I,e hoten .dllen,
lorlyence lne Ye.do~..an< 01 In. prollh I•••• not MJ U ..a
<0 JOoJ\l", t.t." ••lt~rl.l.
Th" ordera ar.. ul.ldeJ Into 6 n~ ..b.r or euborJera be.e"
on lI;in~r81 conte~t an1l cli~,tlc zonU (2). for u"o;ple, ~n..
,
"",.pele, Hlo4lorrhlc, ~n~ calcIOlorrnl<:. Then ~uDoroera ~N
turtoer oi"loe~ lnlo solla ~hlch oevelo~ alOlller profiles
snu ""lc~ cun Oe &ro"~e~ tor-ether. THe•• ~hhlon~ ~re cel1.0
the "(:."63t :;>011 (;r~uj!e.·· Tte I,;r~el soll /,:rou;s ere <I1vlueO
IMo soll nrhs. The soil serlea ere gIven" n,"'. such as
"Newton," "Jesper," ~l" ~!d8llli.~ "'l'lcll Is usu~lly e,.oclet"J
·~jtl. t~e rhce tl:e soli .'83 ol"lelo"II,' fouOJ.
'n. series h the hule chaslfJc,Uon. JlleJ.l va.l.tlone
In ",joersl content, d.diose. non,'lliane, or elo~. Ulj" dlfrer_
enthte oU"un eerl ..~. TIe se,-la. Is ohioan Into soli ly,.s
~y od"I',10 0."dlt:"1'5 ".lcn reflect It,, soJI '''Hure, The ta .."'"
"o..nJ; I"" .... or 'sl H loe:o" ..l~l U ,,".leO to U... lle"lon s.rln
to uhtll'LUhll O.. t~ .."n ''''0 <dtO"oJ l~j.S. llnut~ features d
~~f~l.r~F'Y .... vu ell ~rr~H ~n ~,.~ ~,,11 ~,~~. 80 U.e.. ere fur·
tL~r ."wlvlue~ Lot" ~J.aaes by ueacrlbla;; orlafly U.e torol';.
rB~~Y. Tn,,", ";;..,ton ."r.~l· 10".... "'J.)'~ i.ava ~oth an "undu-
htlnc I'haue" ana. ""lnJ erodeu l!.uae. Tile -.oSt 00 ....011 unit
on at;rlcultur~l '0Il .... ,. 13 th~ jl.~.", Tile redoloClc.l
ch •• lflc.tlon _y.t ... 13 lllu"trH~d craphlc"lly oy Y1/:ure 2.
In order to l11uatntu ti.e sllnlrJo"noa of tl.u lnfor",.t10n
contal".u In soli .unuy l"U~on", tu foll~"!n;; <Ie'crlpUon
of olaBSlflc,~jca !roc"~uru. IS '1uote<l fru," tll .. ":;011 Juney,
:;e"~"a County. In<llbn." Ul:
"Joll surv~;.-J,.g conslats of U.s eu:cI.,lnf. cl....•
Il'ylng. snu JOsn,.!:!(· of solh 10 ~lJ .. fJel~. The aoll
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rlt",:e 2. II.grlcult",r~l 3011 Ch~~lrlcp~ion 3j""t .. ""
tben one_qu,rtar ..n. eFart ani boree Into tn•
• 011 ... ltb .n aUlI:lr W" JI";8 holea "ltll a e~ ..J •.
.>lien t"rlne. or hole .t"",. U,• .soli to eonlUt
or IUlr11 nlninenr <lIrrlrel;t hrlre, nlllJ
l...rlr ..na, "-hlr~ eolhctlul:; ~n ~naw:l •• tl...
e<.l1 Ir"r:h. ~eb or Ul"~" h)"U la H ..~hJ
n"r.r .. lll r".. t .....1:.7.. 1e,,1 .. <0' n"-&.Ie.1 e... net".. -
I,;lc. : ..~t .. rhet .. lant "","ootll.
"To. ""lor c~ el: 18).r II flOt.'. Tn.
~ .....n.... ",r :I... t"f t b)ar 1" " ..... U) rah-
ted to It I eo"ta,. or "r~nle ~ttlr; .tr••••
~..:I "-<lU ef €,hl, 1.11nw. ~n. ore"" In 108'"''
l_l1U <;lno:,,",.lll l"'leeu leor ,..-In.,-1 ~<.~
p<>or .Intlnn.
~Tut..n--thl oonul.t or h,.d, 'llt, ..nJ
0111 In ucll hYIr--h 1"te 1"14 III tI.a red
nt tl,," .<.>11 "1.In r"blled bet n tht rlne."
.rld ill el",eh·] Ill' .."eller.le.1 bn.ly.l. In the
Iat"rH"n. Tenure <iet"ro.lr.u to eor..IJ~r­
eOiI uta"t Ull ;u..ntlty or ..,llture tI"••<,Ill
"Ill lI"ld ..ell,ble to VleM •• ,,"'tl.. r ,lont
n"trl.,.t. or rertllizere ..111 be l.OllJ "j t".
'011 In ror... u.l1..~1. to Ih,.ta Or "111 ~
l ..en.J o~t, .~~ t~. ~irrle~lt~ cr •••• of
e~1tlhtll>t. u ••t.11.
~.>O11 .tr~et~re, "r U.""htJ'~ .•1>1 til.
"'.....b.lr cr lor•• or CVIn 'I~C" /let ...." &-on
psrtlclu ~~t.u.lna ll... ~~r ..e~blllty "r I .. r-
vlousnua or tn .. aoll, ,[.J cooas .. uen<l.', <M
un "'Ith '.,hlch phnt roota ~e"etr~te tl.e a"ll
end ...eter enUra it. COHhtencc. or tha
tenJ~ncy ot t~s so,! to cru~ole or to ~tlc~
to~.tl.H, d~ter.,lnss U.e ~"I\re~ ot ~i:-rlcul<y
th,t "III oe e"co~nUr"u In k""J-1oC U.e aoll
o~.n .na rorous "n:lH c~ltlv"tlon. Co.1aI8t ..nc~
coV"ra ,uct. '0Il ol,orecterhtlca oa r.er~n;>~s.
rrlsblllty, ~hatlclty, 'tlcklnesa, COOfsctn"ss,
toutnnMo. snd oe ....nt.tlon" (31.
los tn~ enejn~er CilCCD:M o.ore ra ...1Uar "'lth 1-llS solence
01' peaoloo;,v end tne Iroce".rae tOr chesltyi"C Jolls. It
"eCOLue 011 "hilt tl,,< thn" un e n" ..ber of ""u.s In "i.lon
tloh lnl'ur... tho cnn ou (>1' ."I~e. ,,,ere ere Il .. lteticna to
ita UU, certelnl;" out H dOeS ofr",' oll-Ol"<onlt1o", tor galn-
Inc tl .. "resl slj,;nlflc~r.o~ lOr tl.d ru'Wlts Of ~"l!lM.r1a<:
tests, tor reconnelnaeence. to locble constructIon ""t"rials,
end to correlate struotural perforo.snce "'lth 3011 ty~ee. It
18 "p~ereM t~6t tr•• sol1 ~u ... ~) 1,.IJ,s to re"uce rielJ ""'rl:
to e dn!•.u"" tLerebY ~tf6ctlnc 8 ~avbc !a coSt <lnd tlll.e
lnvolv"d In .oil e~)loretlo" l'or aq tne ot COnstructJc",
6"" r ..t1cuI~rly ror 1,1..1,""y coo~tructlon. It re<luces s'''J,ll<lg
8.~a t ... till!!; to t~.. "lnl:;,,", nec...~.ry tor corralation. ana
aUc"'s tILe concentratlon or :.anp,wer ~Qj errort In <lrUS Where
poor so!l eOQ~1tJo"s .re an.reM frO;:> tl.e Soil Survey ~er<lrt.
Inlroducllon
Tllh cllaplar d881& ",all ll.a Ihy~iogra;llY an:! l'ao10U of
Newlon County. T~e Infor:JlHlon oonlalnad hereIn !, a au'.'''n·
of 'I'" a •• ila~le liter~lure.
" ;';no,.loa ..e al' lr.e jhysloLr"lhl an} g..ol01:1 of l~.a ,rea
h Very l"~O"l"nl in ••wa, of thie tH.a. '·r".. ll.fa lllar-
alur .. sur.bY. t~. ent.ineor ,;101na all losl,;nl Into t~. banen!
tnu aron ll.a orlbio 01' ll,a uricua "'.lerials ~hlcll ..HI 1>•
• 0C~UOl.r.j durJn£ tha ~roc•• s of rr"~.rlns an en~lneer!ne
aoila Illap. Tne datailed Inl"or.oatloo nuned r<or tne cOlllpll-
1Ot100 of the Itap coel not re.ult fro:. tol. aluay of ;>hyalo-
~.;>hlo ell<l geologic IIteratur.. , but 18 ootalne;l frol:l th.
"grlcultH.. 1 aolla data ..nj a aludy or tM alrpDoto fatterna.
howe.er, proole~a a. to Crouping of agriCUltural soil ty~ea
and Interpretation of tne alrfhoto ~et~el'n ..III b.. :!.ore
accuratali aOlved If llle engineer he. 8 cenersl knowledt::e
of ll.e ocourrence and dJalrlbutlon of .... lerl<ote. The Illyalo-
erer"Y ~nd geolcgy lben. ecta ft8 a lool gJvl~ tte enfl11~er
a b.c~gr~und upon which lo base hl9 .h.j;;~1l8nt 1:1 ~OlvJng Ute
."rJous proble:::!! "hlcb oo-"e up during the couru or ll.e atudy.
Pltyaio6r~H!... ~
Ke .. ton Count}·, lMhna, lie. 'dtaJn tl.& Cantu 1 Lo"'leno
I'ro.l"c~ a$ Oerin8~ 0) Locaci< (~,. A'"'~t n'nu-\untr.n 0: (".




























1'1,...... J. ~h)dC&... pllc 'OIl. 1).-.1:181\" ...."U of i;ulo" CO~Mf l)!.
A. i.ann.... 6&.ln b. l..a,.~.. lll .. ~uI4'
C. lrc~uch "'ol104 ;J. TiltOn Till ddn
for f ,r",loe.
I..oe~l rellef is 31:~H. 'fl.e u~S ~Une3 ~r.~ dll,e3 \Ire
~,.o Ir1l..~rl relJef re~~~ru. lJrulo~~e Is Ir6~<;l.oll,r~lo
~rtillehl ~o~ o"r.~j~"J of ..... "1. Oleo LloI.e~ ur.o tlle ~r~lnn.
Th~ c ...Jn~r ~uu~l QoJI~ ~rQir. Jot~l"l,,"ly "'1•• "8 ~I,d ~"tur
",,0" h~n U~"'" l,,"~re ... Ul "l.e~~ ~nl1ic;~1 ... '·... lna.
AbrJ~lll~~ llJr.. loa
rna l..~r ... ,11h3 !.cruloe ..eetlco, ""c~l ~I ..fleo .• I ... e. h
or1oo~e..l 10 ~ O... '·tl.e .... t-SO"ll..eH Jireetl ... " "0'>' eHoo.>.a On"·
~le~dJ aCro•• ~i.e COllO"y, H In "'lrec1.I, .ollth nf ,i.e
;:"n"e~... e Bdl", t;~o~rsllj .I~e~loe, tl.\a "'"" I~ u...~e ll~ cr
"oHretHh~ glaelul .>.eIO.. !t..l 01 ~~".... siH. ,0'>' clUj'. Ho'~­
ever ..... 0) 3 ....11 er..~3 ...y oe Jtr.Uflo.... Tds l~ .,'IUaoee
of "'.ter de;oaition and H.e .... terIaU .ro " ..l15r tlJ ll.osa
of tho a..lJecont :ro~uoh LIleu .. trl"a aee~lon (J) •
.33nJ dunn o:eur Blong ~t.e ~orlhort\ bcunJ"l"j eM ti,a
1.010£r,,~hr ia u",dulallni; to rolUne, T!.H O-or"l"o 1."8 ~
lont: tlr~Qu.l sloJa on tbe nouh, rial",; ~O tC i.O f"~t In
"bout "- .,11.... A" tl.e SOllU, U" J"aeant la r~thar .orur~
.. 0.>. c'-" fell h ,,"cUt ~~ r .... t 1n as" 1.l."11 ...He. :>louy.'
"o~ ~'."lJ(,'" ""a In" ~r .. fOUOJ .nt~r~r"e ..J ...on,; the ~oolh
"o~ t.J ..a8. L".) 01' ~'.~J" .. ,'" ..oclo."J un ,,11 slu.....n.! con·
tbln ccoU,ar,,"h orSt"l: "",tUr.
lro~uol. LIleU5trlild -,bctlon
TLe Iroquois noUoll 1...n unj~lH1nlS ~o n... I) laval
l-la10 :cn"hthll of otratjfh. 0"0'>', aHt, Bnu "Ill" witn ..
• ..,11 ,::.cun~ or """,,1 I.~ ~o"''' !h~es. T,I" ~~t.".bl "do.
In t1.lo~"u~ fro:: '. r~, he:.~J .~ J~ ...cr,l l'~~t ~,,' chrl:,,"
~r. ~uLr.tltl.J, or..l~I~U"~ till ,hill sl ..lhr Lu tl,,, Tljton
Till ,l;,J.~ r~~".l ~o .,•• Jou1.l .. ~.J.',,""t.~ .,.~ :"OI~"';J ,11'10"
. ::::,51",,·
sill. l~ .. ~"ol.~n ~.ll" '"ljG"~ rl •• ~~C\". 1..,. f.~.~.r~; ;.',
.,,~ .I. ...... 0" tr,~ .~.<t. l.'.d ... Ler.,l oun¥.Jl. ~l ,1.:,." ... M.e
iiI' Ju".. • e.. ~ll. u'~" '.•~' .. I~c.¥.rj.," ::1>, \)1.
T!~1.-,n r:ll ~l.:"
7j.~ i;jl.~f. 'I'll. fb:n.J ¥.l.~ll ;;.•nul .<t.,.••,.. :',-
fro", ~LL~1. 1.:.:1. -' ••8 ;" : ..~ ~~s,.rn _,n ~: t ..~ c...n.; Lu
~~~~1. ) ",lid•.'1 .... In .:.~ •• Hcrc. ,,,.1.. T"e UJ~br~".:. :.
~r'.l~IJti,.~, :~ .~lltl.. r~Llr. . , ... ",rr"... He., .1"1· • "ccur
.Io,,~ t;.~ .l,·,j"'I:" ~,;J. Tl.e JreJ .••lr.,nt ,..... rhl .S .,. yr.-
."sene, GI ..cl,d 1.111 .Ilj .... r!~. l,. tl.le'... eu reI. I" t •.
l~O re~t or :Lore. Tt.e ur.Jul~:~~ ce~,·".·f. :.; "'J.~d 'l l;.e
"tcr." lu"rr~ ;uJt d,Jt ",. i:dc.LI·,r,~. ,,',J 10 ala, .~1, ",. ~ ,.~c.,
l,t.~ ""lie)' ~l a ",11 'lord' SC.H. C" <;cellar.u.
h~",'_~~ ...~ol~,,,
.~rnJo,U"'1l o""oer'....... 0,-" ".ur~~£ ...~ul""; ~J .• "'.'1,~,.
(;u~"1., .~ rd'f.d , •• 11,du. 1',." .~n~~" ~,.u Har ~~rrac" :~~.
r ...c£~ ar~ Jrl ..~rlly ~f "avef.'"n a ..u "Lur"n hLa. L.lceCls
~l Ca.ac~ "re l"O.llU ull., .n ' ..M ~ ... ,,"."rn I,r( cf l. ..M CO:lIlt).
,
~t:.~'·~ :t ~s
:1 }S, ..>s .. n l~.~"'"
:. ,S ..... , ".J .. ,
I.l".~t • ..r ..
w~4'''' 1.lt.. ;ll>l..)
¥._.~t ~•• 1..... l.rstwr~
.. ".J~t, ..• .on~ I, t~~
_. ".1.'•• (,...oL:>.;hC.•
whhn ;r.~I.. hrus~•• l~,
,;;.,1. I ..;IJ' •• I::..... ,
~I",~.h ..,. ~I.• l.
(I'll c 1.:l.~"J .;;,J on
~l"••t,,,. \Tr~n1.Q",
lal .,~ JII; ..~.le~ ::. ;1.0...
7r•• :'~,. .... ll;~. ~",'~:"'" ~ .... '.'." ".:-t., r ~,... 1;11 il~l",
•
h ~n ..~9~ of (;1~c1ony'lal "ul.~~.. ,.• 1'nl. ;;.<l~Hhl ~u ~dlO$H­
~j O~d~ "'~tdrlal "io.ihr 1.0 t •. ~1. 01 t..~ 1'111.<;;0 Till 11"1 .. ao~
1$ $o.;.e"'.$~ .. ~r~l.lf:9J • .Jurl"l ll.B Jerl,,~ ~:. iO~Cl.Jvll... (,f
In .",.~t 1. nl." "nu.m _,$ l.:.e ;ro~uo1s L,cuJ~rJ:.e
j
"1'1.0 K."KJKdd "".10 .... l· !>{, reG~rl~l $$ " ."u<.:e
ul.tlbe ~aalo r~tnBr tl.d" " ~ruo h",e~d'l. T..e
lt rarid to cncrt .""',.. oil Lllf' soll fL'O$ 001 1... vB
onln •.fun oel ....1 tl"J VQlr.r~h" ~"ra;,,~ In iOCl.dC,
LlI\'on_, _,,1 "l. ~o"~11 ev~ntl.s. 1':.1& ... IJ
a"e",,"l f,r l' " e. "r ~""~d ~..:'t1e~u I ..
Lt•• ~"~.,, Il~.lr Ir~",_t" ~lw",U, ...r;f •• l
"I ".l~ '~"O~'lL.•~~ t~l CL. ~r3 ••1 "r t4a
~nll".. ' • .1 .. "':.~",," ;i.h~ t.t ..u""iIJ ,raJ•• In'o
"'•.1 ,,' .... ""n .. t lind. or..... .~e"".~. or U.•
••L. In tl.• 4~s;n .~r;u ""nr.,,,<: '0 tl.•
1rrat>uhrllla. ".at .,,1-:1< II ."B 8\thJ, CUt ..
"e,tu of 10 raH .......ll lv :.e ~ [UC] .'et.f.
fet tt.••"llt.. sre.. (61."
,
C:~,M'ZR ;. >'1
~"w C,,".llJ~~ : ",j c,{ ~r"o{.,T lw.; d' ~;;.;: :r,:~l: ; j .. ~ a..:; l :,..~
l~trO'1u~t: n
Til. p~r;~"e (If trole c~~rt~, Is to r"''"ol. .,,~t sires .."
t, 1>. tl.e n ""!",,rsle " •.<1 ~cc,,~.lcsl "SI tC> I""pre .~"'i-
1I....I~ e IS ~;. ~tllllls~ s(rlc~lt~r~ "vi:' Jete ." the
~rl""''', .t\lres ",I t"ter_l.l .." sc,..l ....III.~";t: ..- l'.;. t,· H.e
.... ,,[ .<.t,_.t"•. n ......<>c.. 'w,. .... ~.,,-nl.<OJ ,<I t.ds :""Iar
".r.....,I I- lr... J.r.}~,..Hc" wr en .".':".''''r>t. ",:U ~.
cl .•••t ... " C~wnlY....,~,."l "",t.."J~ .. : "n.:•. of: t,... ;r~tl",",
u:" U.'" l"llhHf. ~ut 'L.. llut Jroe.I,.r" Uo.... tv u •
Hr~lo.t 10"""'" 'n,llc~tl<;.D.,r .Iq .."t~. t" tl.e " .... In~"rl"e
lour ..,,,t,t.oll ..1 tl.G ~.:.r1,,~_t\lr.i. ."IU .... 1 SJ.l r.:~l~J ~;H~.
Tb. flrn 1l""~I'1Il enc<>ll11urd 1~ ~lIls "t~l~ ~sJ t:."
b..14t:lnt: of t ••' fS; tet .•ulI the ""',Iot i_,~ ~n~ tl.~ .. r~;! ,~~r.
H ,;a8 n~eaJury to .t~JY Idul", le,1 lH~rHHa 1/1 .r,~r
~o CaeO",a eh .. lll.r ":~Ij ~"JO'''flc.l O"ncU~t8 or 8ul1.
ohsslflc,tlon, t~r.. l"olofl', b"~ ""'1.["£ Iruc.Jura •. eller-
~er 1 or tftl. n<><ly outll,,$8 ~,.18 trietl:r, Cut It lIhou!J
be ,u;rU._"n~a<t "1" nu~y ur I.JdOfle.! 1luratur.. Irlor
~., aaln;: til. rroo8'!ur .. .,a~llo.J In tola a:loJy. TI... "'quen".
r"llo.eJ 1" ~r..t ro ..o~ ~o be _n " ..ral a"" .... let.•• ,IJ.
""".,..ury r"lnltl~o.
~.n~,~l ~lr;"v~o ~tulY
Alrl~utOa .er. " •• J '0 ~~.. ~JI~ tor,~ ••tl," t~ ee-
e"... no ..tl ..r _.~l> tl..... r ..~ ..ou,,:o at .. ,,]. '" =.1.0 "'~ Irel.r ....
for ~o••~~ln co""~r ~~lrrg <Le Jl"p"n...~~ or I.l!:rloyHure
pllo«,sr.plll. T.lIh I ho\o;;....phr Is u 5 .e.1e of .Hro.l ....~.I)"
1:20,OJO. T~...d-e .... ~.lu" lJq;•• but l\Ol '0 u,,~.IUll
fa \0 1>J boU.r"Oaf 0" <:l~=Y ~o .....
lira<, .4 Qurdl r.rsF.~\h' or l",. 'r" ... C11n.1
lll.ro'"th a<lOd7 at \b•••11 .od. 0,,~"l7 ladn .l...t, ~:or
uriatiou I>OUoJoJ 04 t~. 14Ju ...... ~ aar. 11,,\000 .r.... at""IJd
:on 01....17 04 U... 1:~~.;)(IQ ,..,81.0.
:lK04H7. U. &e81se _. '~"'''I,,", III nu... 8"" U.. nrl_
&llou In ltJ 8lrlUt" l.\Urn _n lIoU1. Ttl 0"""l7 eu
Jlvl4u Inl" ..etl"118 00 \l.e b4al. or lOr"rr'lIh7' .oa '""'Jar
OMllt'U 1:1 lo. .lrrOoto ron.rll. Thu. 1IO"...... rl .. ~orr..ro"4
lo .,•••• Jor rh:J'lollJ"'rbl~ b(lu:>:>orh' "...L a r. Inu \;",a
u .r••• fur J.~.lle-J '<"41.
LI<erolur"~
iL.<loll11r; Ill.ralure. Irl""I~.ll; t'.... l eoue.".a "I<h
...ol0ltf una I',hy.lollnp"y, \oIU ••vlo.e~ I" orur to 11&1" Oil
1"816nt Into tL. lI.lu... l 54Ulnt: at ,"no Un. In oJJHlon •
••11 10&. an.> Lorl"V "' <",,1611 In ." .ftor< <0 .u~ple •
.....n e.olo&lo .na Illy.loe II,10 lll.rat....... T,ll. 10 ."
lafOr<.,,< I~d' ... r • at"'Jy or ~u. ~Yr" 1nf,,''''ll,," of •
40."... 1 "ol ...n, OOIlUllleJ 1:1 th. llur..... : •• OSII o. uplol<-
e4 .lId r,.l ..n .4oIUo..~1 'lf~"lfl~."'o, ~~ro"t." ~ ... u~. or ~Ir­
l""lO'.
Oelelle; ';'1:1~'\o "",,1 Sl_
~ 4.tJlled _Iq~o<c etuJ)" h" .eeoarll.Lei frlor ~c
•
..etrllt&lllg en enKlnurlll6 nal,,~~lon or ~'" "l'rl""l~"t,l 80118
,uu In ot~et ~o pi" ~" Inalfo~ ln~o ~,.e .~tl0"S .ncl"eetl"c
l<.a~erhh whl"h WOlllJ ~e eaCO"M.re~. TI.U I!:rea~lf h,l1ltned
~t. e~~1 ~r ~h. e~ria"l~"r.l ~.;•.
ltIn"~e u.rb~I"... In ~r.. ~lqli~H. ~allun Ut. r"''''<1 tv
~ r.rl'lI~.J ~n t~••grle~l~~.. l .a~ "1 t1~" .c~ I 1tbio
...rh., 1f o~t t. Jllr.r.o~ ...rI,a. 'rUt .Uow.J "',~~lled
J"tnr&.l&tlon ~o lie oIM.lI'~ .r..~ H •••• rII.O~O ."dlels .... ,
earr.h~'J .. I~" ~ .... "FI="l~"ra1 eolla "'at•.
~ 2I ...grie"lt"r.l .illill ~.u
T'" Intor.~tlllo ecotaloeJ In t~, ~le"ltur.. l 3al1 Sur-
v.y R'yotte 1• • ,t, lIat.IleJ .nll wtlttell. lit """rae, tllr tl.e
'grllnll&l.t. To, major ~ro~l,m COQrtll"tln6 te, .~Ine't I •
• ILrly one or In~.trtdlatlon lit ~.JolG6I"~1 dati ICJ .~~l,lc&
It W '1lf:Illurlng.
n"tlQ(; ~t.le .. t•••• lit tJ::e lIt"J:r, bOlh tl.e .~rle"lt"r.. l
eolia I"p ~n,l tl.e 1I011. d,t" eont·,lneJ In lne '",,1IIr"";I1nr
Soil .;urny iI.port .... re Iludh:l I" ~'ldIL TILO dlaau3110n
or tnl""l rtatU .. , fo"nd In thh rerart, "'''1 u~,·...eI1
hdp'"l, unJ ..tohd to b' v.r;- boo"utot. Th.... rro!lh' ....r.
oo".. I<1et'" traa III "f>li:ll1urillC H~n..lr<lIO\l .. nu on"ae.J ~O B
r..tw ....r. ..... It) " ....'" "7 U.........In...r. Til. r,u"\ta ct tal •
• u t~"~,, In ,l.Hledh i. w!:.., t,.leel Itotll ot tLe soIl
..til••~pe.rlll6 1:>. N.... toll Co""t, .~. Ul"..~ ~.J.
'tOI .UI"ult"r~1 solle -v "'.e "UJ ~.. en.. t:.lllu1
'lI&ll1••rIAG .ell DOt:.t. oy t:tourI~ toe 'olt ... I,e PC•••••1l1&
"
Corr_l~llon o~ ~irltolo falleros
ili!:. AsrleuTI"ur~t ... .,\1. ~
Tbls rr.••• of Lt.a stul, corr.l~ltd Ita ~'I.ll.4 loto.-
.c;,a11011 S-loN troa Ina .. lqllOtO a".ll.11 ."'1 II•• HU<ly <;,t
Lt, agricultural ."111 u.ta. T,.lc.l loll .llu,llons "',re
't"alea. ~o U.• l ... h <of 1_8 .1'-1-'...1" ".uerll ••all uri ••
• an (;rClfl" _ltl'- :,,(;••J Ie. t~.lr l:lf In''fl ...: ,,:;armell.laUes,
F._ t ..... ,;r,,",I/1t:". tl... toosle ~111<l(; ""Iu "'" Olllal"• .:l.
rh',""';" t:.la at"",. ;..- ...hrr ... t ltl /.1:,""';0
L4~r.lorl ~O Ir•••r~ ~ ,;rlUI or ')_Dol_ r'I:.~.nllQf tt.
:.a,lorll)' "I' ..",,-~ourlr....011 ""urhla fl1\l3J I" }:;Jl.. n&.
field lnvutlpllon
Field In''.Jt!~"l1on. '''-i li~, and hoorlliory tl.tlng
acc¥taCl of .t, r,sultlng ·l~••rlo~ '~ll. ~r .01 to fro.loe
111,,1<> .... , il...... " 11&1< ..I " to .1" In P""I".I"8 .""In••dag
11",,(11•• ,
~r~p!rRtlon of ill !!1!!. U[
T~. 1".1. uf I lnen a~~I. 1 ,II. "RI lr.yl~~~ty e~o••n
f<or tl.Ol .ll :~Il•• ~lll';' .olh ::.a". of Ir.uhno. Tlih .e~l.. ""I
~roy.~ ~o ~ ry ~r ..elle~l I:> "o"~l<lt; "H~ .. lrl""'tOi e"J
.. IU. llil leuHur.. 1 L>~' .
...., ..~ or 1I•• r.e ..~t ...,..Ie.. llur.. l &a,1 I.e•• Olen plblh!.t>J
It ••c~le c;r 1 ':ie!. ''l\o~lI ~ Ln••. Tt..» ""'I' ~""'IlY UI;l
u,.....t. .. to • r;ftl ,.:-".:;t "":>~Cf:r.p.le reoueUoo.•1;en
reo,,~eo to ••c.le or 1 1:;01: 'l;Olh en•.00111, tn" Fo~l~e
III .&~,Il,ot ~'I' Cur ~:;~lce,rl~ .,,11' LI'I. ~_I .:r~:.
ar. lll~rl>j.JceJ 1\0:1"8 t:i' rre".n of :'!Ioetloo lu' to ~'-.
optl".1 e~~r.et.rlltlel of tl .• eILe:' Icci .1l1 to 'll:Ir.4.~•
• "J '&1101100 fro~ tl~rer.'_:c ."J ~ISt"r. Yllrlstlc:;l.
Tt.... 1I0.e..r, .. re Inlll'lllfle,nt InJ .... j' bo& dll:.p~JeL
Thl llraft eOfY or tee ~n.;ne.. rln~ ,olla ~~r .... ,rl,erell
In 1'.:1011 en trd,I"l: I'rer. TIlh.u lI.l.r lr.ceJ In Ink on
llnell .".. ll.••"rClnsl J,t. e1Je1.
CHAP'nR IV
A1Rl-l1O'I'0 A:li,LY:>IJ A:IJ C(l;l..'l:'L~TlO:j
'''ITIi AClIlCUL'I'U~AL ;;oIU L~TA
LatrO'l"O ~ I o~
T!.h e""f~.r 1. eooe.r"• .1 _lUI ," .H1,".~1~<1 Ir..... e.r_
fbotoe. rl.14 I"...~!j;.ulell. k"'" e,..rlc~nur.. 1 ,,"lla 4Ue <J
~ "rhee &a~.:hla oc,.udlloo hI .;..t"" c",,"tr. TU.
u.l tlo<l ••• dlYlo ..J Into to ..r ~ccl1o"l ."J _all ••eUoo
<lhe 0".. ot l.t. to"r ..1l7s1~.... 1l1e trw .. 10 :..·..~oo
Co,",,:,.
!:.Cll ••eHoo Is dl.e"sn~ tr~", ~~. 'hOolpoln~ of tlr.!l~to
Jn~.:.rt~.~loll .0.1 ~l.e:l tile .:..;llI••rlllt: slellille.. r.e. "r ~".
",£rle4lt"re1 lalla ;lsu IS eO:l~lder.o" .. fln.1 Jhe4Ulon
~Il." corr.htu u. .. "lr:''-oto ."n.r" _rw tl, deJn..r.1
soil. dn. "nO ItrO"I' tH .olla Jnto ~!... ll"r t"rhU .nlell
for" the ".."Ie .nrln..~rlng soils mar~lnc ""Itl.
In the .Irpheto It....y, ~Ylle~l loll In",lIona ....
analyzed ",ltn rel;.c" to t~elr rehl1onslllr' to nne "nother
rro'" an l~lll... rl!18 .t,n410In~. £I ••ntill., t" .. Id.e rroeeu
19 10voluJ I" tne cu''',tlon .. t ~t. "t'fle"H"r~l 1 .. lle <l.ts
.Ae.l~ tor ~tl ~Jl..~ tnr04~1l ~hleL 1t I. le~oL.ll.~$J. Tnl
ti""l e.. rrUatlon L"t."en u.e .. lq.n4tL ~a~~.rn...LJ tLe
..... le..H~hl .olh ute eon~l..",.. ""'~I, t", .. n .. 1tt>n<l~olnt
ot .!I81n..rl", 11I~ gro~p u .....rt ~-,,11 leto lUurhl•
• !lle!. for_ U.I ,.,.~plllti ...n.U on ~ eo,;".. :I'''' .olh ""t"
A1rrllolO Io081y.l.
Til. 0••r.l1 I~Qj rOr& o~ 101•••01103 1. ,L., or .. 10_
i t.lll Or...~tQ 07 ~lWll•• Q~ dJl.& ..1110:: ria••Do•• tL••ur_
~o~Q~.aa ~ra.. ~~ ~r tll~•• rall.r r •• t~r.e .&LlIl1t er.~r.et.r~
hUe. Cl:' ,.1l:J .roel/03 .:.Iie ot,."r. do :>CIt. T:.a luo. etoore-J
.'.:.ou. a::lell .r. U .....~ ~l' ,~,.;".; teUto COa" W. dhtJ~"hted.
10"".' In.,.,,e.3. 117 l.I.•'r .toola ."J 'lor•• I ..... 'l(;"~a ~.)
':'1:. rlJ.;u I:. tU. er,,~ ""•• teall l~co ... t1fl toe.eL ~~dt••.
Tllco;; ~r.. or1eQt~ 1<. s K.narclly r l"t:.".,It· lIust dl .....ctlon
anJ ar. "'....J.I, rarallal. T!.a :01[....... ~tr7 lorof' II:
Irolortloo 10 t:.lr ..10111>.
Tt. 1;~l:k',he alHr la tta =11: Jrala .... fUture In tl:l •
.. r .. sM It for ... tLa ooni.era ooued"ry or 'l,e o ..uaty. Old
...... r.~.ra "oJ ClU,," :eoe•• ,.:,<1 oul .. 0 II'" alrll,oto. 31lJ
InuH~I. "Iu .. o."""oa<1 ellSooela. TI.e ..'.In ol,~noel Ilea llcoeo
atrallll.l.a",O In ",oe_. ~I.. ca~ 0)' ..:!"tHldol .... ao••oJ 0l're.r.
u •••"1 .. .,1 atroit;flt oile!:". corm~cl.~ 0)' Leotle, eontrollu
e".... ~•• 1;"lI.ar",,& ..n~r1cl~l ~ ..... lrI4L• •,Gi& c"rr~ &"rhee ru~·
Olt 10 t .... rlu... Tilll oroln.. Can .Is..... j~_J1lltlll~ tro.. l~e
.lrrn"IO.. Tne .rt~rlelal er~lc..c' ::., , rect.c£"l.r r'~lern
illJleHl., .,r "",o__de feet.,r"".
Tn .. b'."., 01 l"llia. or otLor .urhe. Jr .. loOf;' f.tur."
;" .1eo:r1e'111 III I:I~I It .<:Jle..... tr...1 ~l1e IoOl1a ,r.....11
" ..... I ....d lnu ... o.. ll,\' .nd tl... , IIttl, dr'l""'t_ III &coct."'S=l:,Le:t
U.r... .urhe. ru""tf. !L••'llao.h, ...n-ltSJ, dralr."t;' is
"
flture~. So11 PanarM of tha Kanhkee !lIIa\".
Th18 atarantrl~llcat" 111uatrnte. ao11 patterns
and tnelr re\atlooahlr to "~rloua al:rlcuHural
.011 ••du. See Ch.pter IV for dlacuUlon.
"
Flt...re 4. SOU Penerll. of the llloJr..he a.,111.
'I'lIls stu.ottlfllcet. lll...tnt .. 8011 pal tuns
.ll<I th.lr telsUo"stllr to .":-10'" 't;rJc"lt,u'lIl
8011 '.rl••• 500. CII'J>hr IV for dhe"Uloll.
ulJene. Of .'1 • .,r.. L<;h~u.. "codHlco...oj !~ o~o l.<o Inr.. rred
~I.IO~ tbIB rnun. frt .. or. eHre=ely t.lrb C,ouoJ ~~t"r Ul:.le.
rl(ur. ~ Ill"n ...u .. tlle .O..~no .. or n.t.... 1 run I..... r.l ~n
aHe_~t U, 1..... r U,,, ..~'er , .. L; .. U ....."(l.• r~Jr;ol .. 1 l'.1"'6e.
Tt.t ..I". "3d 'I .._~ I" I:.. .. '" ,,,n~ ""i;~'" t,.t lot "ot
Hoot tw~ t"w"'." ..~l.r t",I..... "'I) wILl.. .11 .. 1"........;. ..
...1:,101.1 "'w'II~....lle<.,.:>.. t;.• h, ..n ~ ... lotet,.,.I,. Ill::..t
•• 0<1&".."''' .. ltl. ~h ..r ... :>. _:..ore "" "rtl:1oi I ~r.lr. ••_. I ..
rO"'>3. ':... Itt~•• r -ft" 1:1 f_ ....rll .. I".,.t;/ ,,,,I .. o""",lt:,,:>..
,,,It... lI~t•• tf ....;r..... i"".1 .r...~ ~ ".r) .... rL ,,1"'1 '0
dlLlln tIlto .. '''II•• Artil'ol.1 "r.lu•• 1.- <> ..., .. rt..rltJ I.-I.t
....". ". ~I....t .r..... '0 ."" .. I" ... t .. t ..,.t.
1..'u01. "r 1:"" I"".... """ .. I" o"lt.uU"" .'.J ""t.... 1 '-.fl:e-
tH10n :. IteU,,!:. J;c ..~,·~:, ...."1 wr U." """. sr.J rl"C. re,t"l"e ..
nne b.. " lert '0 n.. ~",. .. 1 veCnsUon. ~H~r.ntl¥ In ..~ trr"...
to r... 1t ,,\,,:1 ero~l,~. T1.18 18 nIJo•. t rr m l'J.:UI"O I•. T!,~
sr,a~t .. ,..J .. lora Cor ~I.e ..... .'or :"ller f .... ~ul"lle ~rt 1""I(I~tlv~
cr nna dunn ...~ ~uoll r1J"",. TI.h la CUI'ron"J bl tno
ur¥ 1I~1l1 photo t~na3 ~n:l tl.e ~QsaMe of a"rfoea dr.IMt:~
fut",.. •• I;;Van on u.a a~ee ... : .. lOIn or tI.• d"",," .. ~~ d<lQu,
"v gull,,, ...... u u~veICJed.
T1.t .. j.". h"'"tl<.n I~ p".t" ,,,,n. rQtl"o~" U", t."t<.,." or
lw o"ll. t .........ht~:. (lvJl, ..~t .......t 1I... ",.t,on;e e~n"nt. TI:.
",,:& "'.~l"ts.1ea3' .""S .. ,.0 ~ellar~li7 .t ,~t I ...~ ... \ .1".a~lo03.
,_. JarA t",n•• ",. ~~••a .,....5 =." ~•• e.~MUl.~ '-0: 01 ,:...
~r.h"(I,, "r <o(It<> o,. lI1e .....0,. h~tJ1 _10",1"" ooa.."t,
s:>cl lu:I!e ...a t!le. , del'" ..1U j be _=a lOr ~t.t.
Th. u~.n$jy. &tin·=J. dr,ln5~e Jltet>el ~M U3. <.f lile
<Ir~1QI l ...li".~.3 ~l•• t JuIQ~~' le .. (r"ohe: ur.J 4YH"rU
ell.tr ~H~.rr•• 1...eLU ,n Cl.I" r"ll"~L Th.. e~n.. r I ..~urn
.I....<a~ InJI.,.l .. tw~t U,ls :"lu1al h l,.f'..nY\"r. tl...",fora
t,•• ~"re,Jlt)' el twa 10H eo.. l<l r.... ~ ..... " ..""JII.rUl"". T~1s
,..,.". tl...~. <.!loot U ......t~r unh h hry LI~ ../w It h
<ll.,.n~r)' t" rr... l~. 'rl!~.ehl dr":",,... to low"r h.
Tt. lew .reS IJJn".. "< <<> tu rh",. il cl.lr.curl~.~ cr
Q:l<u,.",l ."j;nutloe. " .. ,.,.ant .~""•• <lars t~'"" ••c3 cl<l nraaa
&fI'~.'" 51 ... ld"""'<1 <oy lta ",,"-"rC'" caL,," 11"•• 1<1 U••• ,.•••
This Is leHc..th. cf .." .~ "O~'~I 1<. fr.q".nt nc<>~I:I<:.
Tt.U l"l~er" Infers 11... l l<o" 11 lUlloral ar. le;:.ro':.<ot r1".r
tllle t/o" ef <f'. Ihln ~"cre, nnJ 0. l U.........rell ",.c.nlc
conUnt 11 00...·..11.01 ,Ilt::.,..
'l'r.• evu.ll lutt .. ,.e of ll•• t... ""ok·a a.lln lnj:".~ '"
rr.Jn=IMntly r,."nule' .eJl. T~.• d.. ,.k J'lns.lonal ., .
an high In o'g.."lc co.u..n~ anJ ~n ;,"b,bl~ "uek. Tne
ohnn " ..".~, .jnc~ 11,..y 8,.. t~.e r ..... ll of \>1",1 .. ctlt", .. ,.~
p"~O.. "!Y \",ll~'" In ~"~~""" ,~ st .. ~l.e oa~clo rldLes, tllOUCh
Lot ~O ."en en .uenl "s t:... """' ..~. :,.~.c,.~I....n~ e,~ th,.~
t:.e .~nu de~O'I~e ere ~Lll" !lee;. tut tt.. ;u.:.ltIY ..~ls~1
tne.~ tl.") ,,"-tU. a .1 .... r t .. ~l...r,,~ .ull. Ir,,0.. tI1 Ll' .I.chl
orl.:I ....
:0.11&1"... ,.1 nt; $16"HI .I"C' of "'<Irle" It.. t.> I ~ II. ..:> ta
;. .l"n)' of t::.e Fr"nln ."ll rel.l.J ,,~t...iT... In ,,,.,,
.>011 ';~t..y W'lott lrAlc8tea tt.,t ~<o....,11 ~.tl ... ooolorrlO{;
UJ,h lAcl
Be~:rla:1 (Be,I>,o)

















IIIHc.~a ~ha ~Yla en<l/or phan of ~I.a nrha "uaerln!: III e"ell
"ruup. H ."oul<l be nc~ed ~lIf>~ ~l"l" "no!l.r l'b~..a oC' 30lLa
aoll. epPhr In ~\OO erollee. Tnta ,~..., JrClc.JUre 01 "limbCllza-
•
~lon la ..,a<l In otur <llscuul"M I" uj.. cf"J.~er.
Tna dl.ll 'aria. ce.~rl"l.~ Gro..~ I ere <I'"r \I,p"'I~$ DC
r,I,~I~.11 ,,11&" a,oJe. T~e ore~nlc cCII~.n~ DC ~ta ~Cl~aell
Ie 'lUlU nrlIOola. All <OC <Il,ua acJU ~o....a ezca!la:lt
IMarnal \lnlo..'. cllar.c~~rlatlc•• I'.c .."var, ~ta eztroul1
,,1"11 erc.<>ll<I "Od~.r tabl' I" ~I,e unh." Ila.l" hal' ~t.ese
~~arlal' 10 a .arr 'at cc"j.tl,," a~c.rt ata.a ~ta r.uund
.,Ur UOla lOa' _0 l"aeraJ DJ erHUdal ....ne. T"a..
"
.~nQ' ~,r, originally w~~.r ~"I,o.lt.J. o,,~ .. loJ ~cllon I.... ,.
r~"'"ruJ ...oy "r ~b... lMO ""ae r",. ....
",,"111•• or ~I.e". ~olU _h quit. _1 ..11"... 'I'U .... 1"
o,chnM.' '1". 10 " ..taol" co;U".I, J'f>t!. ot lc~.oll, M\4
gnu"" ",.. t, .. "onJHIO"f ... JI.cunlon or l)-~lo.. l ~rorllu
Is ~lv.n In A~r'04i.~. R,f,,.anea to 1ta ~~Il Survey. ~.w.
too Co""ty," ...111 l,ovUe eu ea.,;ln.... wlen Qu,ll"" 10(01"-
.... t1<>" concuoIne; tl.a ... ,.1 ..... "11" ,_J (I"US lOr ct... ,,, solh.
c.",ur :1 Is "'''1 "I of crt.";,, '~"J"" Thu,e .,.0;1 dej:-Cs!U
..... lOry d"'r ,oJ aU .lal18. in all uaracu "" ll.o,. e(
~"oul : .~e'rt tor tL, c"r~~lc ~.. l.,.l.l ooo",.,.lr-l: at , .... Io ..s
4e.lt-a. Ph.... or Lt... Cuacr 0:>11 1I.' I.:au_. are uMerlaln
~r .. nut.- of z.uclr.. ':'Ua ..,ullr occurs u .. :l'Ft~ of frc,"
It to Jo I".".... en;! nrl•• J" tl:.lc.!r.llus rrO& 0 to 2l> lllch~s.
Cf ~r.. fou .. f~ua "t L.olo,ttell e~ teu"" III :.ta"~oll C"""t,..
t"..... a"a atoallo. ,a~oalta ot cj< ou.. <l."~ <lefosits of SOll1
.,,4 are l~el""~ I" ~ ..~~~ 11. T"••oat." a la. ala" nsa a
S~ ... ~a 01 ~e&1 S4~... ial. nut it "cc~~ £.0 aI17 at a &raste..
oej-t" ,''so <I..... t"at io u •• lorA"") ..<.0 'I:!;1s =elr.
ia,... r OCClorS at .Dout J f .. ~ 10 ~:;....Ot.o a~ .....a~~s
.~ut 1 tOGt 10 tt.leu. .
"'rc"p 111, U lotLO .,,<1. G<1.... :.:I..... I.s••re <lh"
d.O'Csita of ....c~. ~•• t, alld .....1. .,:". ,,<:a•• "f te. li<I<.t,.l:too
la In Ula erc.. p. It la a ~.r,. oaap "",e" oaroslt. T::.!<:-
....01 ••011a an nU.... a,.. 11o" ae,,,,tt_ cf _Cit, """lOt la
1:>cllu, o~... da.~ d.~slt' cr ... rl. 7""_.0 e<.£l".a"I"8
'ta"a~lot. tllla _rl ca. Ita [ .." .. " ..... witt tl:. Ll.;clI..
"
1'1:. Crlttlll urI •• , Creup :V, h .. floodplain sol1 ("una
"r nc•• III In Ir,UIe, .,,~ ~t.. p.:rc.a~.I':. ar ..,,4 sIze
_LIT1.. 1 ...:rh. ~o""I~u."lr. ?rolt. tt.....rlc .. aL.rd Nolle
....v. L:'•• r .... U /l1~ ~~ lew ••GIl. ocaUnt Cao ll<I <Ihtln-
g"I ...." ...Ilce u ••, are _ •••..1 .~ "Hr "t L.iP" or t~. Crit-
n" u .. he. III Gallaui, Lt.h .. ret. Is Ie 11~ ".L Tne old
..11 ...&£ C~1I11.1. Ir•••at .. proo!&L ill luI- l~.~ "an30L D.
C,.C..U, a... .. ,,1., wilhout ~ br\Jge. r"r Silt Inurl"8 l'ur~"••• ,
L"1s eru Is 00. to Lo• ...01..... , ••lnol.&II)' Oe"e"... Dr tne
ureup v. tU i.lill~ serhs, Is .. very 1'00Tly ll!'ailled cley
aoll. Th. tep.,,11 h hJgh in oq;..nl .. eon tent ,nd oVGrUeo 0
...blall ."rylllf: 10 UHore tro. a u<\d)' ch)' to .. silty dill'.
The r"rent ..... t.rld Is. cia, sell, Inuntr~llth4 ..lt~ thIn
Correlatlc" or AI.plotc has..""
"IU, J.G.rJcll!turel So11. !:Iau
TIK""& ~ h .. au ...otrj~l1(l1ol. ahc_ins tlIllO dune ..reaa
a,,~ 10_ 111~ lUi". T:>a .J<.:>U n~,,~ GIll _L.o .1....d I" n.rao.





























71,;.=e). SOU i'nUr3li "e ~l.e hnulr.e. ila,lll.
Thl' .t.r.,,~rl~ll".~. lll~.~r~~•• '011 ~.~~.r"•
.."J ~1le1r r81G~1olUhl~ ~o ~ .... lo~Jf 'Vl,,~H~r.l
.,,11 urili. see ell.pur IV for ~l.ou..loo.

"to"'... ~. SoH Patura ot t .... ~ll.. a.tll1.
Tbl••t.r.otrl~llc.t. lll.,,»tr.t•• loll ~.tt.ro.
ollJ t~.lr r.l.tlollabl~ to ...10.... 'srle~ltOr.l






























NUrhl U,an ~ho*. or G.-oup 1.-
"a' OO~ ~o••101. ~D Ir.~.r. In angl=••r1ns 1011a sa, r.rl.c~­
1~ ~::. .... hUe"" 1<: u .. ~u:-. enl011 ..n '~"O ell ~L••U1eo1.
~ur.l 1011* .... ou~ ret.r.nce ~o till, ..s .111 &1" &Dr.
oetlllt4 t.~tur.l IDror~tloo.
~~. to~O£r"~ I. rolllDe .~ It 1. lNe mAjor to~oer••~lc
teat"..e 10 til. county thoU6h .dht 11 lIe>t too U ... t, only
,bulle ~O t •• t abc•• til. ,jJaclnt 'r..... Tilt loutll .10,_ If
&Orl oorull tMIl the northern alor"
The dralnaga rate"11 ror~d On ttla ~r.Jn. 1_ tha
daMrltJo 111", dan•• along tba centnl rJJga ponlon Gild
tl.. rld.:_ I1nl to the IroQ"ola Rlur to tl•••outll aM to tba
N1"~U.•• IIlvll" to tU north. The hlghe .. olnlr.l fOrtloll, or
rU6" 11"., 11 Dutil"." by ".a '1,."'1 ..... 6••"uun. ,\ canlidar-
,oh lIu.o;lHr "t ."",11 ... ttl, Dolu are acett.re<l u,ro"tllout
ti,••u .. ln.....~ "'Il.¥ or ~ ..... II......11 ....Ill I)n_ tu.l"n-
1,,& 1" tl.... Thl" ni••• ~. Ut1 dat.. l::I t,,~. d ... bo~1I
to ug<oht1oo 1.<1' lD~ut•• a'l'l. ..c~ .1. sattl1~ ~al,," tot
r ......tt fto. til. luttoua:llng at...,.. Til. 0 .....11 <ltsl""'!;.
1~ la rathlr dlna.lr d••• lo~.~, TL. ~.t .Ignlfleant ~ro.lo".l
tulU.·. 11 tth ".".. S"Uy <I.nIop..n:, 1n ao.o;O I"st~"cu,
~.rtlc"l.rly n.ar U•• ~orJlrI or tl._ ",oralno, llll "~tur.1 o:;"11y
p.l~Ir" h•• hlo .Herd by ~IlClllng Oleralloet. Tnl ~rl'!o:.i­
nanl o:;ully at~rl ~<:d V«4hnl 1. ero." .n~ all .. lIo", villi It
ga"U.. grd"llnt; hG"..ur, • r •• \>1111111 Ir .. narro...oJ d ..e~
10 frolonloo to ~bllr "UllI, Ilaoy gull I•••nd In kettle.,
or un<!ral".J depr.aalooh! .r..... Th. I.te.r ~~- In 7ls~e
o 1".curl••• elleueurhtle g .. ll;-. It la InJloaUn of
UII. &t~1110~ u .. t"r.. - ..- h • lIarr.,... lind ratt..r <I"I~ gulll
""leto "'a ,roholr c.." "I~ero" 0;' oltc..~ .. tl0" .. llho..g!:. the
"Iq<:ot" rOll' to a ..o" ...oL "~l.I."e,,. -C" I>l'lltithu ... "
...r~lflal ... 1 "r~In-&. Jltcb. ~ ••ttll tool. II .n"lc~t." o. -J-.
Tt.. grOlO~ of ~otll•• II-.r ~bI .,,"tor or It.'' lll,,~tr~ll"3 la
.~I<lI"U of • AQt. Vlllllllllr .... t.rI.l.
rb4tO to"" r.fl.at ~l.tu:. ,<:" "Sltotl •• llll~ltions
.ce .r. oet) "loallr ra!bt.J lO tLl drd........ ~.. ltarn .. ll<! to
auUr .t.of.' ."J uadll"t. T"","w .,rr rr"", ~.rr llU;t tQ
"lOry ,hr.. , .1&o.t Ohll~ .r.... Tro. tattl.. , ":'- I" 7ig.;.r. 0,
..... ".ry "art. Tb. t>"Ul" "f..~r a. brcu, 'l<.rll b..",Ja 1,,-
dl11&t1tao; t". J'r•••"". or ....Jse"r...~.t argall111 "'t.. rl ..l. Till
Ir... of lltl..t to". 01111",.. 011 Illlllih <lnJ l111h .e:! 0" tee
aU'lar alor' r fro", til. 0'1111'. ~I::....... tbe batt.r
dral ...d .r Tile ten.. l ".rhUoe. l)rIC31 or tni. -.orale.
ar' tl::o•••HI.rlnt> III l.ll...r ... l"."tlfhoi br -~. 1.<1 7!gllre
o. GaIl.rallJ' ......1"". tlill tHe of .~rluloc 11 1"<11"alh.
"f. 1.....o.1"."tl1 nn. lI.I'"IIlIll Lot.rI.I, Tor.• l nrI..Uoo~
"
r~I>"". O. .>011 i>1oHer", et U... IoIItul11•• lOoCt.l .....
,... Ja 'Utecnl"Uc,,~. 11l... tr.U••e11 "n~.t"'"
"N u.ulr td.Uc"a..li< ~e ••do"......lc"n..... l
'011 ....1. ••• s.. Cll.~Ut ;V tor OJaC",.. lllO.

•
r:I>""'. o. .>Oil ".~~.r~, ct u". ~....llle' Morel....
~~1••t.r'Clrl~11ca~. 111~.~r.t•• '011 ,.ll.rna
.. ,,~ t .... l .. nl.. tlocs'l .. to ~ ..rlo... "&rlo011""'''1








































iIIIl,,,uu Ih.D.~l lIou...Mco n •.,)
Th "t><oU vo~~a ot soH hrh.. Ana III U.....<lo~•
...~.rlah ~lllc.. lin "La.." 00 U.• e"•• n.. rl.,.; ."ll- ~I enact.-
.~ .... len or U,is reo":'" lhJ.e <0 eo .. l" ll"HaUoL' .~.
G... coler <.I.oJ~:"lo... It oU no< ; lela u, <l.lrrn"""hl,,
OD U .. eaclll..:lo::t .011• ..,,; be .."", .tl.......I.Ut"..
lQ .olt Qur..He.1Hlu b lOroup l. !lowe-or.•.re••". '0
'Le _UI:ulU;ul .01a •• \ llL••:.. .:ro .011tof: relc,,, ...Hl
n"'ll) "In~"'t"hl< bn"""...!leu sol1&. To••'lle,1 I ..arlin
d ... "" 10 ~n.c:a ~ ~ll<llhU ~:.e 'l'uIU10,U III U .....l.a.
fL" eoll u ..l"••11 ••ri.~ In lirOUI I are CI"ol,,1 'Ill
_ ..ed.lt. Tael ..ee~r "" uu""luI) In .........hl... _ ...
• n ...." ~n", .. o:.Jn.ll" &01l>;. fl." roUollln,; ;.r• ..:niU aU_
0 .... </.......1 eull ... i" .......h.<\ oJ <1.1" g'''''I·
Tn. ~r ., ,.drurr .er:.. 110011< on .lo~•••nd .nalls
a ..11 are ola"ell' ."O~JH~J ..:ts. tn. l'arr "olla. Tn. IOr.ell.
10 und~ .nJ nhllul~ hlgn ln orl5'>"lo ..Hulal. Th. ur.a
oenlto"t ~ocr",,", "nJ <I,,, eh~ .",,<.II.t l"er"a'I3, .. ltll Jlltl.•
l~ tLi I.;r ..riu. <1:. d~~U. of <n,. unJj· ... <..rlal ut."JI
<0 .~eu, 24 1".1..... h< In <I.e C••r.ruff 1< ••<.!W. lo ••~U,
~4 I"el.... TI.. r"U,.1 ..... l.rr.1 for toll. lLu" loll' to I
thY)" ol.y lHI. In<.r,,,,,l dr. I....!,;. e."r~our;",.e•. d ....
<!lIS O\.o.l· 1.rUI, .re te.». l""'...r, " .....,..:h.·lrlec elOJ'
I. r.lltl l1 l&r.rYI~••
n.. C<J .... ln .nol Parr .la" occur In c11;1:. tC~<>(;I".It.lo
~"'Hle,,". ';101" rJ ...·• ~rl'.. 2 10 l~ I.r.....t. fl.. r.,..... '
..... tubl In ~... ~ ..~~ .<IIl Corwin ~cJ>t.lu ..... h I.U "h1' H
I" ~e"louJ of "J>."e".~ ... .0<1, .U'. ""J ol.j ~nL •."..
....~.. l ~..;<IU...._ ~"" .. rr.~J>'''. T". 'o~.oll1 In ,!In•
.... '.dd•••••Ii', .n' u'''.r 11.1£.11 .n ,>rp:.lc no"'."'. Thill
....~llu ...""&oH 1... & ..1"" 'lO. ,,1., 00<1'.':" I"c...... e.tll
d•• '. "",(1 It ....cr.e .. """,, J,," .'0" ,:.. J-II'.'" "",.rl"l,
at. <I.,':' of sDOII' ) h&<. T anita drahl .......er.Ul) ..ell
hlu.n.. 1l1, 4"•••1......11. 1.0 ~:..lr h.c:- .""1<1..<..
n • .3KJC.n .n' e ,,:::e .o:h ..r. TII'1 •• a.llo.r '0 U.O.II
abo l«;.... r. tu ,,1 •• "C"~l'l ." 1",u_~bU ...,.1<1"<1
t><O, " tt. 1:l:Q.er .oa••""" U ,.:. rr .00 0.1 ....• ..".1
.,,111 ..."to u t". :::l,d. nr C".t ce..ar.Uj. '11.1 ,,~,,=
1" nlllll.. lj IeUl T.:.. pera'" "",tarl.l III .. "1"1
till "1,,,11 • to ~".t of ~ tl' .n. J ....lr .. rr ..~lu. TIlIll
.... ,.rI.. !, 00"11• .1 ..1<n U:. topalr.".Illc /o.1<lon, "ranes"
rnor dr .. lllI<t••Hllnl"" tcU. lnUrn>!lj ,no u~.rn.lb. Til.
tO~'oll In ,II....r.U 13 a:Hj an' Id~h In creanlo cc.. teH.
Tl.e all~.oll er•••" fr,,'" " .llt t< ~ 'lltf el". TI.e d"r
tlll 1&••'" "'UH1.1 oec"'O a~ ~tl<>u, (~ In~~u.
TU CHul<t4... , CI)Je, .,.~ ~eall uri.. "re til.. '.n leo.-
I, .r.1",," .urn.i"... 1 ."II~. Tu ~.rollt ....~.rhh t.w:
...~lcn ,~...."lu ~.",Io. 1...n """""",,,,1 liB c""'~"'.<l "f
..... , "u" ~n:l "1.; _H...~'"" 'L.1l t:r,.eL .f.' ~"C. Cr..(;I'&llt:l.
T~. <lop of u.. eL,euJ l.oCll. H~:U rr_ .. bolo' <I h.t,
H' </•• ;; 11 ..rI ... to .bc.Iot ~2 h.' 1.. ,1.. eu...... All
oC 'rou 111 .ra u., 1.1"" .i .. ""CO.>h co.. ~ ...t ""0. U -
C.... • "'" '10. 'o~...ll 1a ""_..... Ill ....h C._ 1< ,,,, I) 1 " .
~"i aeJ 10 .. alH) ~'al "",~arhL 1e til. Od.ll .olh tu
ch, c~lI~.nt ......oil 1.1",••• ~~' H tAll" ~ll " Oh' J~n
.. I><;.. ~". ~u.nt _u":GI.
T~. A~••~' C.. I ...... "rle. are dN~ .."", UI... lt. Hhlep-
... our "-D.Io.....HG. t:l.~l.l :rlfj'
.c.n.,.hl h nuuaH, s.., ...~ " t ..~.
TLa llal~1. ct H....INy
T~. t.lOr",ll, .I>o.. t ~ I".t.••
Ie 4.,t:', nrh. 1. c,.it~"jc .cct.~~.AJ. I.........cH sIlt;.
Ttl•••bsGll, tc. d"I~t.. a "lX.~t ~ tNt, h. "U; .11~ "Itil
~I.• I.r••"t~".... r a.t>l Ic.""~ln" ..lt~ .altil. "...&:< tut to
.. r .. ~~It. Il!furar., lr~.. ~,•• ~~jJa of ,; 1 1. Tile lulu
...... n.. ~r ~1I1. t,rC"1 ~U ,lac~U'" ~do .
Tilt J~~••".lI loll c••~n III a CI(,Il t<,,,S"·'P" ••caltlclI
.ll ...... 1~~t.r.••I. U.~~lll· It 10 :.llllJ III b.nUI 1I011ni:
aH~~U.lI" TU .:ltocd.ll OVel"II .. a cr ul Juoalt or": la
CC~Hl. TI.. tDla~Jl :a ,b~~t 7 In.t.... d•• , aLl .....~hl .uu.t••
.... r~~......... ~t. .." u •••~rroo••~l ." tL. ~o••oll. Tile IllUoll•
h • aandl .h, co.,UIDI"f,; • e.".U.",U. n_""b~r ... t ......at
1...t •• I... !&&aoJ.stal, .. be•• a. llr..:l"rblD, thUla, .. to I"ob.
hlar c( Itr .... ll) cl"f ~e~<.r". n." llr...lnlllr.c 6r~uI ce.......
..L ~ .... 'lL <.t (rl>& ~C LL ..... Inc,..,a. H ."ct.. ln... L:;;r; I.r-
e.OhC. et UnJ .,.~ rln. "r>!;.04 "",~echl >n~ ;~ tolrly Jell
gr.J.J. fl•• ,Uelul... et ~~. rr>ul ..r .. ~, le ,~~~~ I~ "
IS Ic.al:: M U our II.. .. ...... ! un' :r. , Ir.n.r.:•••
a .n' lo "oe.r fr,,"''' 1",,-,1 aw~"ul. .U l.Ln. ;, IS
u ....~;t1 ..~, e..nuOI) .-.u,,,.,.4', ..,,~r ~.lau'l,,~. ::Inc.!l
oee ..r. I", .1~ , .esU"h~ ..".".lU. 'A.>ll 10 Ul~ •. ~, ~.U In
• 'Ill .... r...n I~_oo~ ".I~e<.o. ot Wi:... 1M ." ..... , •••Il
0l.8""..1. 1~ .~•• r,,~.oll ...~oU"w ,o0.11;, , ••r,d .:U." ..
...1I.y or ...!-'"uUon ~) ~:.~ _.It> .... Ie" ,,: ~ (hol.r.
fL. oU.r••nJ LOr" en."..lh, ....ro. I 1 Ir <t.le
........CC"ra """.r ,~" Tin.".. ...,. 1. r ..t. la Ur ~e....;~·
......hd..1 ..Lloll ••an:. 1"'" ~M "n: ••• !I.llnt .:1 ".<1
" .... " ...1. TM ..... ' .. rl .. l le I ....., on",..... or 'M" ~".,. • t
lerooee .. ..:I • sr••• l ,n ~u aeo" ",.".J I.e H. T". J"l~"
~c u. Gr.... 1 .,.1.. tro::. l ~.. ~ hH. A ~ .. h "••::. ",r "hy •
• bo~~" 11'01'•• '1lICil. curlln tl.• ,;r.o.. l.r ",.url.1 'lrectl,·.
Abc•• \l.i. la. H .. ~. or "o.. J) ~ .. J tr"~lly ~ISl ....r.l·l ..!':
.bou~ ) ten III ~llleka ...s. Juot ber... u. ~h. crlpnlc ~or.oll
la _ Hr.. ~e or .IHy "",,~erhl cen,.l"lnt ,ebbl•• >0" reel;
rhEUM.. 1'1.\1 .oll 1d :nWer~t.I,.. ~.Il a .. I,.~a 10 ~"" UH~r
r_rL. c,,~ t", cl_; Hr~~o re~"cieto "r.. loel' 10 U" 10··..
pr~. Tn o;r~ul ~IL loc.u.. ""rL:'_.~ ,,1' :....:ecco j, • Co&-
_rcl_1 ....nUoc. ......ul _,,~ ce,r ,.~ la ......... :'UlU"
ej" ;,j ...~"l:Lo;. T:.1& l& _ ole...roc ...: U.' ..~Ll,w" or ~r.~ loa
1& ..-u.
T:.. eoll. or Cro"r- HI ~r .. ~u I':.I••N' ."'" "o~l.." ..du.
T..... er. H•• _CU, , ......"" .... rla .... er. 11.1 ..... "" ~ .." ..
correl.,lu. or ;"lqI10<" ~Htero.
~ltO ~leul,ur~l Soli. ~ata
1'" ulliotloo."lp et tU .. :r~r;"te ._nar:. ~c...l tc.• ...:rleu\-
tUl"~\ .,,11. '""'~ h II1,utr~t.~ 10 flt.ur Tta dr.ou'o
el:.or.curlO<lc. er tth &r.~ ~.r. H.e~ rnlo~.l, 10 ttoll
..etleo. 'l'be tnlla~~...."t <urh. "<,,,... 11:1"1: <I•• .oV'lc~lt<nl
I~H OCNon ...,.hulzu t"o ~"rroH<l~:' be<."'" <IA "'"; an_
t~... lr,L..<o tHUrll. J.:~,,<le ...rlatlcIIS 10 t~lI& a",l tq -
n,hJ rorh" ~Irr.rell' ~,:I,ulL.:~1 aelh. :"r.re"c a
<0 .4:lu.rh::~ aell. a.j. rr,=- tl.& ~lql.«O p<urr. .n r.-
.elh ..... '.,
.cl o)a.. Nr",rr
111 'Ito",r. o. T.t.....olh ".u .. &.o.~l .... 1:1;« tuna ;r;J cco ....
In «. dl><oar tejClt;rojolc I,u;'tloll~. 11.0 .>w1...rt .r.J Chrenc.
'.0 ."il. e.,.lIOt o. IJ ..... Hl .. J oc t,.•• Irlt.«.... Tn. Cr.. l=-or.,
1;1.<10••r.J oo.ll ."11,,, ,.n,;r~llj" U""II tU le.' •• t t",o£r~j).;c
lo.Jtlgne. Jo<l e~n 00 I ...."tlrled f,·g.. U.h Ilnd thlr J~" tene...
u ,Jill" ~ln... thr ..... 1"'0:1) cnl"o••,110. TllO "lo o"d
eel...... ntL-r ~... ,1 ..~g.l'~ U uod, ~H ... r lI,nt In ,,,r.. on
<Ila ..Ir.~ou>••oJ .. ro oerc.o.lly reuoJ on uolh ... r rIJ.....
Tt. 3teCk... ll !.. <I"". _.. ~ .. "~.. r III 11.~U 0. I",w~ur.
!t ....... Ul" taa .. L&<lh U, 110).< ten. '0,1 WI c......a....vt .. ~
..,<tled. It Is rot,tll'l 1" Itoouy .lo~lnl!i .. r ••• on.:< otl "nul
,H. ".1 Idor;~HI"" or, ,..=- or tl.. JOI"'.:U. "cW'o 1 I. 0
•
•
Figure 7. Gravellj' Profile in ~h. ~rs.1l1u l:ora1ne
•
yo,,"" rllO~O ~."n I" 0". ot toeu old U ...t pH.. The u~~r
rtot"y_~b .b".~ <I.e ~~I.~ ouro..rd .." a,.J ~L. 1"••< ."".. a
.1"•• o~ 0< th" £<5'''1 .trata.
T.." Tlr~._""" Boll Ie ..ner <l.,,~... lld e"J o.cura In old
out"nll c""' .....d.. Tthe .l.IIn.<:.le •• /1 boo lu""tltl.J Oil ttoe
.Ir~h<;tlle. r1&ure b llluatr5tu II'. I.. rl>.et a~o'H ~t tllle
..Urlel I" u" Ioan"lllu wral"e. Tte <oce UJll~IU e
.motU*" e:t.ct au <0P"cre;"1 h .1..... Ind. Til••Ul-
cuHur~1 ~r<>lli. 1 1•• <u t".,t H.a .:rual etteto la our"I"
"1 e.c.l1 <0 .:1<1 d~1. !'1,,1~ Ic..etIptlCft .t.G_~ tl.B' <::.le
Ie lllcornc' jft &Q" I"",U'1.U. J. da"r d"~<..lt .. t la.. Ie
.... Lenere1l1 (""m e"C' .. t ... lr""1 a.ro~5.
Tte """t:Lt~n e"" "".,rH "0111 ....." •• I_t•• ""- ..rl. do
"0' ...,,~r in a .. er.._ .~..Ud "1 rl.~t<O o. 1.O r. tta1
_Hur .a "au U.I ..... I""s. t"~rJl...~ to 0.._ , e"ll ""'I
... I"""tllle~ On tl.e elr~MtUs.
Iroquois Section
AI<~ho.o ';'nalysle
Thia .rn lie. b.. t ...." 'L.. Tilt .." "'HI ~illn enJ <ha
~"rnlll •• \..(lui .... Te. <opo;;re;t>.)" II h ... 1 '0 leotl1 rol-
1IOl!: e"J tl.e _Jor •• ller raHuru a .. to""J eJJe" .."t '0 .ta
Iroquole .d..r aol ite trlbuhrha.
Tro. ~reh~,!:e ~eHern Is a co.r~. <eH~"~ Q ..:>JrIU~ ..,. ••.
a Ie cC&~oeeJ .. r ~ot~ ,"IIt~.~l 0:>J _"._J.. 1I ... I"""a ••,e.
TLe prl",!pl t.lt..or1 et ....Q of <Le lrOl"ole HI ..r dnol,.
bo<o ttc rill fie I". 00 <~. s-..th. "nJ ~o• .ar_I"e. 00 t~.
In. Ire1uOil ';~.Uen III.n In .alo.r or lb••dJ•••'" lIo.le"'.
'reb ~'tler" In"lc"IU I~ It • coo.ld.uCli • ..,onl ",f dr.Il"e.
II leter".I.
~ro.l",,,.1 re••~:_" '-"H n"l 1_.e1"~e<l OA 0 _II. 00311.
Tl.e ~:. "c1;.00 1 ~ 1'"&11>....;...~" t;~.. u .." COnl:OU e-l .7 ~ I «:til Of;
ll ...il.~ 10 al r eulliu ""'1,,1.,.. ,,"'0 Ir.... n: Tn...
.....111 loa..:, ."7 £ru1eul ."" or.. cr""" ll_.
,
i'''''''. l~",,' I" ll._ Irq""l" ",",eU.,,, ' ••7 frc. _ 11&1>1,
.1.... n "Ll I. I"". U....r7 d.n {:"'7. Tb••re.. of <l.u
lone "'_ 1... hl_.1aIw_ .,.4 .:. feond aIlnl7 10 ll,.....erc
~arl ef U. eo""ly. MoJ. of Ilg,.1 len. oullln. uIHlell1
1:alna"a dlIOI,U. TIIII II H .• rnull "all draln.J .pell
""nka. lio ena lenni ~.. Ite:n I. lHI •• 1 of 11111 IIcUon. Tones
lory lhrouthOul lila a"lira nreo, ~ul ara lndlc"l!>a of In.
""lllure .M ..,alBlI'" alloHI"n.
Voea.al1"" 1. col ulgnHlc"nl In 11111 ... llon. ~capi
.Iong lu rher .r..l II. pdllcl~.l Irl.ul~rl". :soU of tbe
n"tor.. 1 ..,..tOli04 b.. t><o"n ",,,,,••01 In orda: Ihn tn. lind
w,;<.1 o. coll!>Uw.
TlOC a1rCL.,I" ""It_r:> of 11.11 or.. '''0.' oo... l<l .... bla
..r»ll"o. lMlcallne, "lfflra"l ~urhh lOr 4Irt...."1 orlpn.
fo: .1&1l.1.r ..uri.la. i'1.I~ In...~If;'~le" ta. <ll.clo.'" Ill.al
~~. _twrlal 1I:>4.rlllQt; t~h wrn ls Else I. I ~rln. T<.1.4rHI
•
• H.~U .~ tLa .~~r.e. 1" "":IY phcn •• "lab""." .. ~rro~r.d.~
b1 ........ ~.~o.IU~ _u.lel "r urylnll ule.oua.• Ino action
.....Uen" tlA ~"rf.c. ~.IU"" "t tne ... In 00 .. U.. _.ler
".""olt.....-,"•• his. Tel. acco"nto f". the nUa' ".~. nrl·
etl"". In .lrp..... o pOlter'" tlor......rocul tlli. iI..,H ... e ....
"tun I Ie • ate.eotrl;Ucau IU"ntatl<l(. tl'A .rree ...
or .. I"...~u"o .~.r.....<- t"e ,Jr;:. ~l.,.hl .'>-1 hC¥.Jtrl"a
.,,11a .,;....t u.. &or:."e. ':'"..e tUn •.,.f,ca r~tur""
n~,_J "". :"olalc""'ll) \ .. tUS e.... l'u 1"" <I~". (<Irati""
I. It. ,,<;.0< ;,CIlIa.ct. 1'0J.. I. lunlltlel 01 t~. letU,. -A-,
"r." ItJlut ......n, 10. """U t>. n<OJ d_po_In arcu.., H
lr.alu\" hter•• h ~. h UtMr ........1.". :t ..11111"
.b.... t ",'aotll aut ..,., 040 _"roU lU C~_Hy .e .. 10",
"r,,~•• , I";,, 1.. ;..,,0'01> H.e "&;0" •• ,,' "I eO 01" b••• !>
n'o;e, lor '" ~; u.~ rwe...1o" or CI•• "Hu (UI""ojoh ft.:
I.e.. lbe~~<rl". "~I"~H. III Cilia ..:n. Tob rl0e. 0....IOn
r..~~r""" .y "I,." "oCI"". lonlcuhrly "" Uj~ .,I<.rn Ind.
"rHt. ... t.erlol "IP"rs on 1.0. aur!oloo "alll" I. ... ~ro~ "eN.
TLo Illth<\y ,.leur <O~ogr~~hlc ~o'l<lon ~r,J <1.10 ,,,,n.1 or.sroeur_
10,,1 •• or. t:.b ~rUol~.. 1 h·it.urU .~Iell la.ntHy «lib ""'<","hI.
':"1" or.O ...h.O -,,- 11 oo..~o.... or ",~'.r a"ruI1U.:! u<lrl.h
..n u." .~rr.oo. r;"IJ 1<'b.nl,;atl"... or o£rle~Hural .oll.
u<~ 11 ..oo..."y t .. o.rr.:.""IoU ••t_." loU b~t.b: ".,o.lte<!
.,,110 0<." '0. rhot.l u<.rhlo. ;" e.o","" b. <I"n. rr...... t:.-
o;rIO.'''' olon•.
rita.. '" I•• ner... trljlleHW or." Uh .D.."t .. diU
tu , .... _wit. or n.< cour~ tl 1.£..r. 3. T.... r.n.:ll <...
•
n,,,,.. 8. :>oil PHUl"O. or \H ll"oq"Qh Saatlaa. •
'I'llla H ..oatripliaota l11"Ur~t.. la11 pHurllll
ao4 tAIll" .. lotIedldlp to urlo,," IErl."lwnl
loll lid... :HI. Clotlpt.r IV for 41.0".. le4.

"
rI8...... 8. ...,11 Pnur"a or ~Ii. l.o~.... la :M<:lln". •
TlI.la aurag~rlpll~H. 111~"rn.. aoJ! puura
.11<1 l".lr ralllUglU"lp lo urlo"••trl""H"ral
aoll uri... $e. C"'l'ur IV rg. "1a~""10...
•
PIEur. 9. Joll Pen.rne or ~h. lrc~"ch SeeUce.
Thh H.r,oulplie.~. IlluHraua Bell IH~erno
end tllelr roInloo.Up ~o ~.rlo". etrlouHural




rll5"'u 9. ...,11 PUler... cr u,. lroquoh S<oollo...
thh .uuo<rll'l1e 11luUul" .011 ,,,un...
• Di1 thl.. uhll" hl" to urlou••VlcIIUu 1
.011 ...1... .... CllIpur :v tor 418c~.. I .
•
'.
h .o h.~ dHrue=~. <~"Uf~ Lr.e ",,<.rIU~ ~u ....aU. Ill'
,I.e u ol.o additional ",,'.rh1, • nn... 4'rO'U.~ nco<!·
rle," &..11,0<:0..,.' "e"e. T~I~ ut.rlel, J"t"tllltJ oJ " ••
In..: ".~,,~H.J o.1~;o;; ,".. n"""~1.1"4 or te 11
.t ': :r~ .... ","u 0.•• Ural.;..'''''W In .0 ~hc..
01 "HC:.Illt. 'lor~1.iou 10 en ..nc,' t" l&.",>u Jr.J:.'"f ..:>:
.~o~ 10<1""0"""1 U,~.OIl. ~:... I"Lta tc ... 10 , ,..••
en , ...... Iooa L:'" r".. <lo. soH rSH, c~t Uf ttU .It!.
ll&!'tu .:w "'our e:eU. 'i":.e ;j. ..Ur Or.., art lllJlenlu
or 1.....11\0; <., ,t. fr<.11 b.o".' 10 "~'1",," .M "1',,'1~
oJ.e"H:~'" ...ce.:n , J .....at" er..' en 1. .. " or
uoJulnotJ delr"_'""e ~, H .hea .jUT In.. "Me .. t ..,.Ur
II.. J.L~.J. ':'u.. tl ~t.r sr•• ' trt lilt'.,. In nrullc
"o"hot t:.aa tht furrv:.:.ll".. f ..eU. Gulli .. or"nl'. tt.ts
fll>O'drleln en Or.... , .oj 1•• 11.." ""'1' M.>",-" ~~"I -ut Uo~o
.~.qly r,..,.. u .• uphn~. ~v1h 1n ll,... ~r... H ••IlU ~ri1
cbl •• ~r.nalorUJ by """r fro", -,J,••"." are,a, .nl or. r"the~
l_ccrly ar~ln..J.
Th. '''''In. cr u~~·....~, .tr.... In thla ILluHr-,tlcn un.'
ao • ul.lalnt line ",,~"oeo t ..~ alrf••• ,,~ ~arf".a .... t.rI.lI.
wlrraroce",,' Ie ~Uf cJ bully u .... lUI_d' J1fr..."~.,, .. ta-
t"'""n ~n ~n 0"" ~Ida "r u•••~r.".. ~ca .:a.llu
OOe~ Ie ,~. ~pl."d .... o.rr~".r .nJ ~"" .,.ar_" ...... J •• '.ta,
.~ L"'" u.~r....;~,ul ..r ••• .. a "or... ,. if••~na. In '''JI.lcn,
••uW..aJ ...."1&01 .rr." •• s ..<.t.uco~. -,nit It ••1""", r
• urlf. &0 ••,.1.1. :hlJ lr. <i[H~U" c_cflr..' tLls c
tlla "tM" aI.a of t"a u" at;y "_.IAO ."J cr."." ...
h",1 ~"" •• e.n'.Ue. n. ,U~•••~t. Th. l:\L.1l1u .~. beoso
.no .,•• ll"••"j '.H... h'y I:eolle t;roJlenL Tur lOr. Joe.
In I"n• .,.~ ~ontr••••,.sr,ll' .ll~ tr.. ,!.c." IV•• r .......
7 .... 10•• 11LLI t"n.~ r!Jg•. uunL::.; In .n t-~... ~l:.etl,,~
It:,,~t;lo tL l. I,.., ."'10:.; ut:~,,"I'j "f I •.• ,.::1.-. ,15·
e,,".l;" rl("n~......0••rea .,... 1;>.1 .....>••,. I." •••n:l.
ourl11"l In. I."~.·.rlo. U;,<,U". ,j'" !I;tlon .... Ir !>in11
,... "".1 lt.ea e n.I ..... bly. T<.. ,te,.ata In ttl. ':es .re
fr.~.a.i'. tl;' ._, ,.in .:ite .::l ei"fa.
rI ...re Il h • eUr. trln~~'H ,a" ,,"ea ' ..H .nb
0: 1I•• 're1o.h :Ur ,,,:I "e,t -f : ..... 101. Tt>e slrf" ,n ~s'­
'''r'' el ."is .r.... hoi .t_, l l.Lo,.r '. aotH "I 4Irr .. :-",.\ ~r,,,
I, .• lDe. 1... ~ ...~.. I" ~l>e,,"..... 3.'" IIl .... l ......4. T' ........1£-
n1r.~.. r.t f",tL.h" ,l ".i. ISU""" e.e I .•• ~"., heIstl"o. eoj
'''a .. r~j, •• l.••H"·,I:,·n. :".....ce ; ... ely 101.""'.1"." .loee
tr•• ":.;;l ..,. "'t~.>t;<n ;~ r~~t~naj~l. r" ",. t~,,"1 oJ..,raoU:'-
lOt; 0••
Guill' Hvulop'<Ull I,U been r~' ...~.~ b~ II•• 11.,.,.",1 J,uln-
BC. o,."roet.,"etl •• r,r ",iB ...,.ri.l. Leo.>llj·, anin.>,:e I •
..,olly 1"'.:0.1. Ve.· 1l1~1. Ir.',llll.llun I. e~ I~J err br
.urho. r,nofr "o~",•• r of 100 a.I'...lon.1 .c lJ.ntifle"
In flt?-lre 10°1 tb. lette,. ";'" ••Cl .. ~ ... Il eolh"lh", 1».ln.
r~r ."rf.e. ,,,norf. Th3. t~.I"e ~r.ln In....... ll'. U~.r
ewlHne. ot 10...001 ",1"""10 .•• l". L""J .. ,.:.ti~1:5 er.-netec-
he<!. OJ ttA ...,.. 1-..1 .rhol in~le$aJ t, ~E" In l1"~re I. TLe
uu·,. Jen 'c~.' sre.' onlhol runeff fra. t/•• 1..6JIHe1,
.':'O.M oleL.r .<><1 ll".te. , ".:1 .>r~,.. .rpo.e r.ttcr .100
riot"". 10. SoH P.uuns ot ~~. :ltoq"oh ~c<lo"'.
Tllit .uu"Ul~lI""t. 111>In ... t 011 potUt...
...'" tll.lt uLltlons..l, <.. uti Of;tlc"n"ul
...ll ..tin. se. Cloap<u :v tot dl.cu..l" ...

Tle;>lr. 10. SoH Peuerna ot .~. lrgqlloh 3eotloOo.
Tllia aUnonl~lloat. IUlln,.. ... aoll PlItt.rOo.
10.<> tllelr nlaUonalllf to yorlOIl. *&r~o~lt~rl\
aoH .orln. 30. Cu~ter IT fur <llao"..loft.
,.
coUuu In "'" •• nail ~"ln... l ...LS. .MlclIUune n. Udt
In _luhl un U so , t ~n" Io. In Une h""a
b'''......... li,t .;><1 ,o~~1C'1 n 1I ...."n< ~r cia).
T~. Ir"~,,ola 1110",. U t " Irlncl~.i <1nl .... '. h ..t~r.... r
U.U .ut~cn. ae tri.~t,r:u <lain" relr]1 I_H" un In
;;.... to.. ~""'''17. T". rlhr 'uu .. Ur) ir,. .... l ... c~' ..n.l .1~1,
COI3JI ''''''rJ. ""t;,,hr 1"\ U ..n~ 'U""" "tH" •• ~ , nUll
"lu,.,,1 b1 ,n.flch•••"". ;ll" c~.>l."r ... r ,:a ::-.."t
•.,. , It tr"" ".11 ••".":'''' 1I0l)"" "r n,,,,Jlno;; .
U... art,!.clal -ll~·D<"· ,u.s, r_.~l>l <'''., III IU ...Urll n~lr
or.u ....tr. "Hhr to ,.•••It fr,: .:,.... ).1' 14,",'1,'" .,,:1
llv' fr"", tU "'''08,.· ...• of n aUp"" :n ••1'17 .,l~r:ll. ,"
' •.ne .."" <",."'" of t~h ,.1" ... "" ... t .•~41bh .. e"n.l"
.....unt ,I I ,rd1.:.5II'. rl~..1"e 10 .~o'" UIU efl. t. ;t
"I",,"n t'•. t U.b4" ...... nJlc,tlo<>3 "~ U.e :~~Iu..ne. r .'dnn
In II,. ~,,~~rl~.~f l.n~~kne b<lJr~••• ftOcul tin .. U •• \0 .u
.v~.lJ••"h ••Jr~.~ "uter,,!. :~ .. jUOr'·l'. TL. bon.. cf 1,,18
rlvur or. V.f}' 'dLl, .. M ~I•• l in ..,~y .In••• , ':'1.;0 I~Jl.~tu
UlfI\ ."••,... ~l!Ul n•• lr.~lou.:y O•• "ll~j" Id~),.r IL61.Jon.
<t"J loU ."1 a. '~.'1 ,~~n.~r~. HelJ In••~U,..... tl,m n•• r~veal·
d II... "rltt _hrl,,: l~ ~~"..... f,,~u.~.ly on th. OYUIJ ..
01 tn••••J.. 'I'n'. h ~nctr.er :nH.~tl 11.1I1 \:... nrhlt is
I"••rl"t: .... r 1;,. lo...re~, : •••:"'.3el ""r.lll, t:.••~ll.
0 .....11'''£ I'" :ulJn .r ..... oe.oJ 1l~, ••1 .:lt~ ~r.J
.hy..."I:. t~oU 00 \t•• Gut"'J. d t ,.......;".cr
(h.~.l Jr!n ~r l ...~~~rL:;.~ ~el'zsH•• ~; lu .~ o:.<>~.. reu,,"






























T~. COre U~~"l"r hc".~cl •• h~g.l<•• til".. co;&;u..~
~rl..till or rI •• undo end. .lIn, ••r• ..1~"'HI 4'1'O~;<.a
uoJu eo~nl"..... _un tM no.......TrieU:.' tc UUI err
,I.e nller Inti. In. T~U" sdlS .re hltl1 .. II "r'l .... ~
fL.. Jela.ln r 'duo"'l ..au 8'>.1 '1'" DorUt Ie tile
rlcDill1 lU Dr .... In~..oh IH.,,. 8<:<1 In Irjn~lpl trlbu_
t>r:... Tnen ere ~ ...~ IL ""$!ln.,. c r.UM .1\4 sre urI l-><rl1
.,,«anrl~ "l&oltieeece or ,..;r:cua.... ,j ",,11. ~.. ,
Tn.. 1"llt.oInt: t'",,"I" Dr .,,11 oed.. are tl."", ..,.In f"ro.
tile basi, f"r tl.e Jitter."t ,;:>UrhU co tu .LCI .... rln,; ,die
lLBl'. " .. , ~o Ic~l. 11",lt~tlocs .n4 n.... celor rajrl>Jurticn, H
on nut ,lwe.e ]>o.. lole to '1''':' tuH..",1 .y..""h ....c ..ln~r
urhll"n, In ""'.. ,"e. tl.••"Us In ,,"0"1" 1 ;&0<1 !l rarho,
<lli. Ioa""'l .... I:....ur. ufe..a"ce lu th .,rlc.. nur~l solIs
_r will ...."lly ollrroreoU_te lIeuoe. tne urI .~~ tl4~ur,1








~ ...~~ ••a< 1.... 0.'"
CI I_ra lCo.~.c
C" ln .Cl,&,








l~).ra of ~.<>.l' .oJ ~.lt. ~;". ~ "'" ~~. ",J le.e :1", ,.."el.
lU <~lcnu. ~Dl •• ,~.L.~ .. r \e)HO uri .. c",n,,:~,"''''l, frc,,"
'.n •
'.:l ...:.., ;,un. l~;' .~u..J, ""'torhl 18 r.loAt Ii .tic.
iM ro:u.&&n, .hler. ,:.J dbc" Jlfr'l" lr~& '_0 .e:rv:.:l
ooJ ..."",.. luo In \Ut u.~} '-OU uu C.'1 Hr.,. 14 <u
,••"'~"" .f! e :.1
in .... n •• J,..; •
• oj n.
T..t \ ..., II.... l'.
•
u ....Hr. I. eoJ h~""'bl.~r ti.c. It lor ll.e "·'r <1 0,0 .. n 1 "n_
~, 00....
n. Ir"ll~ 0' t.L. 'ru••ol. Hil :••11111." l~ " ..< of
\Ua ..".r,,"ft .'.J .1enn."lhr 1" ".el <I•• ronn, co"eel"! :.
C"'.I~v"J 01 .<r."'·i~~ .".~ IlLJ ,11, _'.t!.•~ ... 1"¥eU of 'l.y
I.., .... r •• \ 1
1.o~",clll ~her "OJ ill \ri(~hrlu .. " _lOld ."rll~ Ha," "
00 ,0 lone.,t.
Teo .~lh or ... r ~; ;l, tu ;;"."", ... 1> O',J llA .. 0 .~. or.
rlo<>Jn.ln ,<UO .C.J ,-cew; .loe..· 'U ::, ."'" Hlur an: Its
n, ....t.r:~ •. ,.. r,·-~··l _~l.-. • • • • •. ¥' i '" ..
4~;~" ••• ~. ••• ,,, .-.~ ~-,.. ",.'1 • r•• '. 7~.~. "
on hO. • ,. n " • .. ., • • • • ". , • •
1'L~ ".b~SI. cooh.~~ '" r~.t,r ''''''~n\ .:' :I~r tI.,n '''~' ~'.~
",l..~.~d. or.J fl ..,,, ~.Ur> ~~.•,~ 00 ",1.< .01: l~,,<:.r. .0-
~.rn,l a~,Il> • h t ••,l~,,.,.. ,l p~r. 'l"c.,. t, ,3<.111 •
• 11~7 chr, 1.1·'1l In or,·.nl~ e,-~~en~••,,1 .t<.~. l~ h t.u ae;.
1:•••~".,-Il h ••so,. .lIt)' ~.,:; ... t.r •• \'''''' ,.-'.~JJ ••
eLulJu,.,I. Hrtr..• ~. tHu>.~I. t..... Socr • • I.cr f' ~ ~e
..~Ioll ru"lU Ia t .... , l .... :~'~e c,," u; .'~e". :•••10
r ",n~ to .I<:lIn tq"..nr c ros\t Ion· :.on th .st.•.
•1.. f.~sr e.:-I.... ~f '-I :~l, h p ... J:~r.. re".t :r :<
~lt~"f ., u.s U<Oofo'S Jh".....J ,l><u. ;t Is S d ... ; •••• t
c. n,.. .. ,... To.. ;f...~.'"l .>tHer"",•• ~.~ U.s t .s~H
, ". hO... tJ I. t1... "fc~":e •• t."t' •.• 11 1.. u.•
' 011. c-.I<" ~ "~IU."~ .-1 t~,..u. <t •• ""'t.r .•.• J ..
• 1 " rl,." "~". 1t" ... U "f.ln.~ r ,1,tl"" .. 1 tLIS •• 1 ,,,.
f.t."." 1:-0:". J .... 1.~... ;.t to ••,." so uUO: t1L.~ .... S)·.ter:.
.. : horlzona I,,, J~nh'l Oil.
"r~u~ ;'" <l.u .uU ,n ,oj .>tr.. h ~erl ... I.u _ \o~us~rln~
cler pun, _urlDI. 'l"U ;~lI"n .~rjU la cr."r'O~iorj.e,l ~:;
I"or Jr>ln.~o ocnJlth'" ,nJ 1< I. f""J.J r,r pn H .,Ob
y.... r ...r.ut :.0 .rLfl:l.1 Jf',l~",. I", ••".n ~rc>'la.1. T,.~
tCls"lI Is ~ slit,. eta, rol"l! in .. ront e ,,~.,,\ ~"U 5t,~~ ~
tnrb... a ••r. TU s,-b.dl IS .hlhr to n. ~qs<lJl I ~U~Uf.,
l><.~ rr~lu IMa ~,.• r_r.n • ..".t.fl •• " ".Itt. ~.b ,t. ).
1n"••. 1'Ille ••, .... Cf hnus <0: rlr.. ncJ u. ~c'-' I l",l~JJ,,1
.r. tr.j ••••,. I" .f••.• ""'tarhl. In 'D •• '.'0.' L: ... .. ~I: hrlu
1.11_ .. n ... h .. : ~o .. at 0 J.~t!. _r ~lo..~t ~~ :o.~. "Otl .bls
oee..... ~ .... ,: ..... '''r Qdr..Sa .. r =..n. Tn.. n,H:,,, IS
j
I";,,' '" lL_ ;"l~~n. His ""1 ~,,~rly H.l~",J """ 10
r"..", In I,,,. flH ~"U3. T,." ~q~ II .~ ab ~. ,. :C"""~
lear "oJ I_ 111,"/1 III ~rE.nlc CLO,."t. TU .~ ..."ll la ••• n
uu.
lIac,u.>, lot .. t ..• "J., 1'.=",,:.1 ""''''r:~I.
Cyrr•••tl~:. ~, Air,:. '" ._,t••"•
•• ,:. ~rJc"'t~r.i ~I,. ~t~
..,"t,j,/1 .... 11> IoLJ lL<"""\U' '" (;r.~lj"C .0' c.rul.U... "
..It I. '."d "tq/.",,, I,,,oro. ;c <;<:u If. <_IOf";I.;' .-"d:.L".
to 'I." ... rJe"I'v,..1 _lh J .... fl.n /100'-' 11".,; 1,.~r~4~tlon
H"," Cnn t ••"rtr~l.o On u." ~",·l".. rln, 110 C.'I.
,1",,"0 ~ 10" a<u..~"llllc.u "r. f.au ••n ~:."Ji<", U.•
T.... U"".'.ll or ,""Tn,,,,,,,, ';nsl.r, 1I.,."U1U', ~.rr"c:.. ";<r"I".
':.••• r: .. oec~r In ,;.1. ~r.... bu.
-r" 1~.iU ~"" u In l:.• rIver. t,;.,,111. l!.~ .• b,.h h
r"~,,, •• ,~ :r~_ t·,s rJur••d~.~e,,· " Us ~lh"l r,es In
ftlri~~tu ~l1'"
r',I. ~u. e: ..u t:.e utcu. &<out,.• c" r.n f l,~ eO~"t1.
r ..... ;r~~otO ;<ou.r~ Is r>t""C ~~tJ.U .~.~ eO~I."eJ ~ l'.o
tTll<s; ~.,~~r" l._t <>e<*,.. I" "Lee netlo". ,~ 10011>"".
1'~h :0 ~~••~ <r.e .~ II_ ,J.~th f tCO ",Itl al.,.hl. ",,:I
to tlla rs<t • •.. t .':.' H.a ~~c~: ~ee ',.In hU ~." ,.. • .:.r-"":I
a"" ....,.lai" 1.1 ..at.,. l"le.I"~ _t.r;~l.
'1'". h-1<l feu. I ••1. f. £ ••tI1 r~llI,,", to l.ul 11.1".
T•• tl~tOh' rule .r i. U,I'•./•••••• <>" .La .lr; .....". 01
.L ,t." 'uh,. Lip , .,_co;::, .rol u or ,~U ~,..;l
~<lh or .lIr•••• ol. ";_"01",,,". 1"e " &In-.""II" n1•• lo,,-
.'.1 •. '111.. 1 c~ .. h.~':JI" tlll ~l.lns, ou Le." ao:tlfln
to> ."... o.l••l. ';"0 ~.,.•••11·...1"". e'" lrour."""..... fo,.
th. =.t lun. ""J 'IP;:- d~ I<JW, wl".I".;. d.r~ IlenU. n,,, • .,
.,.. o,.,.J •.-.J ~'.• II"". ';1,., ~o"l:• .,,.. rei,...." ... 01 .11£hlI1
"l.~".". "'"u. <or ll~,.l .~n. l"te".l.ln,:I.J ~llt. tl.• d"r. OaoJ.,
J~cfoe. Ur"in..~o rUl~'~O aro bn.. , J".l~r.' lUn thH
uuolly uauQI"leJ ~lt), "Iacunaln till ~"d • ~.,,~.,. ~a,,,,,.ltio
.otlacn I. fyu"J. Io;/Ioy r tr.t ~.lUT>1 '''''lna,....ya h, .. Oeee
Hc,lrhte~tJ .u""'.~.l by ...e,y,tlt", .oJ "0<1, ".lu"~l ~~.:l .."n·
.,•• b~""~<<Hlnl<. ea ~zr.l~.teJ 10 • n~ ..bar ,I lU noln.s•
• ~) •• 'I'n.." ~.~Ir. .... ~'10 :.~•• tdJltl"n"1 ~1~Olfl<":lCe I~
U.< • ou:ober Cor lLn. ~~". l"ll.~tbo.a f •• 1110\ e":llroll.~ 01
."... ~r>J."i>i".>t ~u,.i.i. 'l'L~ <~ie.. "o.. f lL. drift .......





























TIL"'" II. ~ll Pa.tt.,.n. or .1>1 Tlp..n '1'111 1'1.1".
!IIU .u...oUl,"lle... Ilh••! .... " ••01L r.n.~ns
'$ ur.alr r.1Uloll./01p <0 ..rlo~. aule~llo.. l
10011 ....I... .;ie. Cl>a~tu lV r .... 41 .. oul,,".

r1tur. 11 • .;;011 ....UU... Of tt,.. 'U.~o" till 1'1.1".
!lIU uu"otrlJoUe... llhnr.....011 I"nn...
and '''eir rel"U"".t.Ip '" ..rlo~••&rle~ll~... l
.011 ... lu. ;i.. C!\aJ<ur 1V r~ dheuulon.
,
,
"Ill ~~"Uln" nlr,1ou I~"C.:'U(. er ~r
" lKIr • ..,in ."0" U.• !ll"r.~r ........ .."Ic~ 'rlel "Jr,' ""'. ,
•










;r".. , 1; 1
..~ Nr"~r :>!
H ... l ,,: .. .r"
~hl. ,~•.•
"rr ".',e._ .•.,. .
....·i~.. , I~".'
diftarenc.. In ~ha...~l1a are or a m.1oor nU~re. Tenur..
•arl In lfla top.oll anJ auuoll to inclu~e urloua oa-
blutlon or aan1., diu, s"J ola,., .nd .Iot.. nr, fro-.
o to .bollt 11> I"Iroa"t, Tha Jetra.. lon.l .011a .uch U lbe
Cl)'de, .M tta .0U. found. In laHI uN. or on lU .cra
sutl. ato~•••r. llIr;1.ar In orv",lc contaot al>i1 u 111 ......
a olr;1.er clal oont.nt In to•• ub~ll. Inter... 1 Jra: &. la
ato. In ao.t llr tea.a aolh t<.<>"Oo ana, a~cll.a tna urr al>ll
oUlan tOll"J oe U.a .tHln alo... er .He a lIIV'er .....
cootaot. ara a.o<luual1 .all dul.o.aJ 10tu""U,. .licIt d.do_
asa. too....... I. uU'0loGll ."rr.ca rue"rr, n.aa 101 h nua
baaa coo.U..o;! 1.0. tU ~lac"..loa or t:>e :.;o.rulliu IOOn!n.
a.o.:l It I. oot ...ca.s>or, tOat t.t.la Jhc".. loa .. ".""ac!
bare.
llua to ..ala lI.anlonl and ana color Ulro::luctlon,
tna ~ ... turel udatlon. In <I.a lull. of eroul 1 could not
ba .no..,. on tU aoglneulng aolll "'Of>. a.h.an.a to tna
aedoultural .011. ""p .ill, bouur, rive dnlileJ YnrhtloM
In tloa.. aolh. In...,n "" ..... tfleSe oarlatlona dll net
be 'lenltlca"t lo tte entlnear.
Tb. I.d...rl .. , Group U. h s uap depoell or .aod o... r
till. It oceure In lIl&!> to~euopnlc pooltlo,.. aM II.. _n
u'..erka" '" _lad la CiOat ca~". Tnturalll. It la s 00•
..ad .0<1 It , ......... ucalllM dral""a Cloaraet .... l.tlcs.
UllIaU,. U.1a ..,11 occur. 10 "apoall' ,.I"I&'118 or 7 to 8
tan 10 4a.t~.
The ••ba'h. I;ro.p Ill. h a" aU".101 '"ll rou.oQ a1011&
· "
~M nn•• e.G ncnbun or (,;ooahnd. TI.a .>\001<"'11, Graul
IV, h. g ..... lly aoll ... "Iel:: 1a ro~"" dollt J.~. H .bo",~ ooa
alh .o,.~~ or In In~.r"Hloll ..I\~ U.... l~. Th... \"" ...uri:lh,
u,. Ub$U."" ..u'o ..... I1. an .bthlldr Ill. o<:l.n.orHy alX! are
110. al""Hloa"...ba" COQ.Jud....: t~. at" .....bole. Sol"
bu lIe,o rrnlol,\Ur <lhe"u.., 10 e"OlMetloD '.H~ Lt.. :.oq,,,oJ.a
~eUo" aM lU IOarulUu I«>,..a'"., ...~nhe1J.
Cgr•• lallo!l or A!rlhOlO ~l."O'
...1." ~tle~lt"r.l SolIe ~.".
Co-+uhoo or u--" SUUOl'lpU.. u &"""" 10 'l~n 11
,,!to tfA ourlq or tbe ....... arn, resolll ." u.. nlat!""·
thlr or lta uri""••.,11 sed•• eee",..\Dt In. 11 Hereooa.
ara ..hly In lOI~hrUe lo"ltloo. <l ... I aU"n!o". and
o'pllie ClllUM. Tn. ~areol ..Uthl or n 10111 ara .... r-
peG on tha 'lIt1"".rlns &oJh.or" a'a'la. driB ...e'lah,
u"... orU<l UCla, allt, ~r.O 01.'1 .Ht eo... gr ...l ,arUel"".
Tnj" "ru 1_ typie.l or CLa .~lh ~r '1.11 TIlton Till ,lain
... <Ion. Tn" aolh al<""'t"~ In a ulr;ll.r <01'O<ln~u1e 10.ltlon.
,,,.iI lIt~t h <ona, "re "'-II "hrr anJ Cor-In ."rl ... TlIo~"
~ ..rkllr In ton_ an<! o•• urring 1n lo•• r ara...ra tU CL.. l=-ra,
Tlla a1rplloto '_«lIrn or <L" tlll 1>1"1,, aulh ua onn
~U.o..an In .01l1l1l:<lon ..HIl othllr ...Uona In <ilia .... ~ler.
AIq~nto lal<lIrn t ..torn Illa.ouae <nerll _lIl boll! trl.. for
aon_ ocellri"r. 1n <~" Till a_ln.•.
CHAP'nll v
CONCLU3IOIfS .I.:{i) kiC~.I.l..i:OATIO:G
Tile .U,od' ot ~re""tlne .IIf;lneul4Ot .01111 .p. ,"leh
"et. uplot.II III 11110 3t...:l1 11l111cn•• 4'00" ot '''''UT'C1
.~ttle1'"1 tM Ill. p ..... po... tet .hlch t.h••p' U' I11t""hd.
"'11 olhr IIII<>V' lal"ll "111&1, U. '''''''''.C1 ot d.llnd .oll
"~..cnrlnl,,••.:..1 pro""rUu II d'r",d'''I "FOil Ih uncI
Ih. ""HI"ll rroc.... 11th ,rol>1•• lI.eo•• Oil. lug.l1 ot •
110.1.......t_o. UII_.r, ..ono.le., ""I tM 1,,"D<!00Il .....
or lit. tl",,1 _r ."J .""e'I'I."11..., dn•.
'I'e. loteratloo ccal"'''e<:: 00 I"••"Clo..rlll6 ... 11. Ar'
.y 1111 o.hlo.IIJ 1010 tn toll""l..., " ...&... 1.. ; tnh,.. or th
....h"••01U ."., ""••r\yln'S .nul.la, IIlI<! ...... h •••nd .ul>-
.urr.e. " .. 1....... """oitlon•. 1ro. tllia Intor.. tl~n, c.n.nl
"on.ld.ratlcal .. tn t"" ""lu~llHy or tU '0111 tor rc~n"'­
tlonl .M ~.... eonIU'''etl'''' ......rl.U C'n h "'..rdn.".
'I'll. aoo~..ey r.guIllng Ncll ot th... , ~tllll1<lg tn' ..... tnod •
.. t torth III thll n~Jy, lIra eonol'larad b.low,
th._.l ... to hrOllo. ."chaarlne t .....nl ."" dr.h'l' dator .._
11I8Uo",. Tn••"~""t ot tl.le lo.uOSalloll.1l<l lutlllG III
tllU r
loll proUl....., thll .Itr!."to pattetll. Th. rn..H.ot 1lltor-
.. l1on 111 'orrlc1llnU, .CClIut. to ha .ultlbla r<>r location
or u ..."lar ,,"c"'tr""lloa _t.rl.la .co. rar pradl"tll1f; ",11
.o.glllMrIO, ~roel." 11.01_1<1& Un..... l .c~ dr-Ina,. coc.ld.r_
Hlo....
SW'tac••"d ."e·.W'tsc. <lrsl ...g. h 010..11 .. l.~" ~o
~.Hu" 0<>1 • H~<l1 or 0... ","cu.au.. 10"Hlp~loo ot tile
0~1le•. 1'c.. 0 •• 1c.af\. curseurlulu ot .01U In Uld...... ~W'.I
co.... Hloc. h 1"..UI,.U<1 .~ ho.g~b I" tbe ~..~ ....Un" ot
.£I'lc"U" 1 .ells _~.. 1'CCH dH......"ttlcIeMI, .cCW'.U
tcar I tlo.g 1 ....~0.... Iiow r. ~u ~tal... o:.. C.l;Stacurla~lc.
_1 ~. cnc..lounI1 up''' laI"f; a".I", t.,. const.uctlon
r ..""......... C"".loustJo" ot ~!:.. <1 ••1""6. c:.a.acUtlnlc.
I" ••....,ld .. cn... Hln" w""ld "cc... U.IIU .... , uu... l .. n.ld
...pUJIt ."d l.bOrator1 t.nlllG. 1'0.••conoalo ••~••~. rro-
o.lo.lt tOh.
1'0.•••C.....C1 ot the <I.~.r.lasUon ot ~r.. /:....... 1 .uH·
.elllt1 ot tM .011. for ....... tound.tlons .n~ •••onatr".tloo
... urhls Is d.p.nd.ot to. peat .".Ct "poo the ... lultlon
.od loUrf..etHlcn of eoth toe .lrrho~n I"'tur" ."d the .yl-
c"aural .clll d"~.' in addItion••<>gln•• tln6 J"df:l"n~ ",,,It
b. "tllhs<l to Del.n"•••0nc",I. conald.... ~lon. and fl.IC In-
...tI,.Llcn. A. rrulou.L)' SlHaO. the .011. ap la not 10-
~.ll<Ia4 to o. " .~II.t1tu.. to.. ~ub."rta •• f""Matlon nploratlon,
"ut ."""10 1.... lcat. wh.r. n.ld .~pl"r.~lo".no 1.oora~or1
UHlne: .11",,1<1 e. oo"••"treud.
TO••ppl1.ulec ot alrrtoto. to u .• Uu~lflcatlo" of
.5tlcuit 1 .011 .... 1.. rro."" to u .. o.flolte lialtHlo"",.
VuhUo tau.." ..,11 u.I ... I" _at I .... teno.. , .r. ,..,t
rMdll1 .vP.....,t f ....'" t ....VrllOt.o•• Soil url.. _!til. dl.+
n
Unell.. chon•••rlni•• , a ... el, u <1..& I'l.larlel. dltu ....h
."" \1'" Tllrua40a grud daroa\Ie, ea. be 1<1&.,\tl.-l. Hoa•
•••r, aolh .~.h~' .I.e Odell, Cr.a'_n. ,11<1. Claneee, "alet
ou"r I .. s»cd.tlon ..Un "eO ot ...... ba......leb'.. not
ar;pUCl rrO& U•• '1 ..~I1"tas do.... 111 ".1", <I.. _[.. lellitunl
aoll. _r; In eoa}..nctlon aHn U,. _Iqtot•• , U,. &l:I~u ....I·
a'lo &011 1.. .-,,<>3& .~preM. III l'roa;l"l' U.
aol1 1.. 00 <be baal. or .:oe: ...... lllf' e~ ..elul.tle •• &011
~r4.n .a" W an"" on t"" alql.elO .ill> • llln....., or
.ee..r~.1 .""a f .._ deeno..,. ,1",,*. l" u.1I .."a1, •.,. .
Ul•••••ua ... r this ..."",aJ..,..... u' Toe alrrlloto rUl .
"a' .bn u ll.ot h"'e tor .,.roulll:of: _';:10,,11W"01 aoll .... ! ••
alW UA .lICIt"... tl .... ~oll CoN..: .It " 0:1 ' ..a • ..:rioulu..... l
aolh Mr. Tn" reo••dun ItO' u "r-Ie eo<1 ha..r.
Tbe ou..all aeolloQJU of thl. ~Yf<l .~ y .r. y~., ruo.·
.bh .0Q 1Mlo.t. U"'< u~.ln II .. th. ,"oH .eollC.. lo.l "FrrClOeh
to <II. co;a~htloo or u .. E"f;lnur1ns 3011' lOa~plnf. "rc.::rnOl In
1"<11.",,. '1''''' e<,:H or <hla HuQy waa '!lout ~lOOO, or wllieh
'pprolluuly IItir ·.n tt.. ul.ry 01 U;.• c~.~l\cr. 'I'r.t fro·
ct4~rt cutl1nt<l In till. ,<Ully Is .oollC..loI11 In ti ... , ...n-
p""tr, .0Il IIOnty. Laborntory ~... I Q"U &~~htrtd In 11111
.\lI<Iy .... y b. eorr.1H.<I .. nil .;;r1oullurnl .011 ..rl•• In
ctl:..r loe.tlo,,", .nd cut <lewn 00 In. 'lIOunl or fl.l" .."'pllne
.nd hborHory tuUtl£ ...o....ry 10 -niAg "tll.r ......
1\ It Hroll&ly rKc&=.oO<1llod tllllt til. lcht II.Irr._y 1I.....rel:.
....oJte\ 00... 1<1.. tillS t,,,,,, nl,lliy for rut ..... work co t ... £4&1-
" ..r1l>4l Soil. MH1ng trouss:.
B!BLlOCFiAI'H!
1. JOcLotr .... , h., ·StaU of .ntlnt;ton ~Io"rl~
3011. ~" I. hrt 1 _ Tt. lcjj,ln 114 v..IolOV'.~
,,1 10& if 1""u.U141 Rnnre" hot. Colhp of
oo Iot:".o. '..nIneto" ""Ut. Couoeil for hlen-01 II.·
...reo. l'oS".
~. • .....lh .,,~ 1Ioo"•• T..... b<;o'" of IoLrleuHuu, ~"rt IV.
l\oOol ......t.l. or 3<>11 3eh""•• UoitU "t.U. IlooP'OrtM:lt
Gr ~Ieuhu", \;"IUJ ';tatn (,;ourOL.Ot i-rhUor
Qfqe•• h~<1.
). ~""11 5"">', "r N.n"" COU4tl. 1Ml! .... ~ IInlUo 3tH..
""rart."t ot 4<le.. \t.:., ....11 Counutloll ;iaule••
III e:>o~rstloo will: "..:"".. liolu..1<1 ..g:eu)t1.l'al
...~nl.'4t ,;t,U ..... 5erln l<;Ol.l. :>0. I •. I:areo.l ..SS•
... t.>CIIIe.i<, A.L •• ~rI.7U"l!n~Ue :Ihu•• or [Iortl: ....rle.,~
t~ ~O£r4[bl"1 Cr•••• Col~Ol. linl ••r.lt1. s•• Tor"'.m,.
S. ·!la"dbool or 1MI.... G<lolg,gy.· i'!, •• t:to04t e! C04..r.,tlon,
ll>Jl.na~olh, J:>1I.o•. 1922.
O. ~'" W.N., "'To. 3ub~,;urf~e ~r.. t. of Indl."•• "
1'u1>llcotlon lOa. lOS, De~rt nl oT Conn.... tlc".
1<>dI.urolh. InJlIn:l.i" l. -
7. L....Utt, frank. "r!:c Jiliool. GI.0101 Lob.,· UnlteJ
'>Ut.. Cour1\..ent ulntlne OTTle., IS99.
~. Jol:nato"•.•. c.. ~lntz!", 0.\1•• I,... ta ....rl•• li<>ntano.
1'•• WI.. , Il.U.. 'In.paN, J.II., .nd fr"e<, k.~., or.
Won".1 on lb. "'lrFl:oto ;nUrrr.htlon of .,lolll InC Roc ••
fa. tn~ln.... rlng ~<Ir~osu." illjllnoj of CivIl ,;nflnudnf
!!.!!!!. a."el"ou!nt: ~!!!U. 'IlrJ<I.. ll'iil ..ulty. iZ.<Irch.9Sj •
... l:Molour, II.: •• "".U. L•., .• and .0<1<1 •• K.b., "l'U for.... llon,
''In.l~ull~n, ~"" ~Inurl"t C.... r'ct.r1»tlc. or .><oIlS."
Joillt 111M"')" Runrol: no,l ..cl • .l:l&.!nudQ6 HI."I""'''l
Jht10,,". r ..N<I. Lnl .."s1ty. J44~3rI, 1<;1 .. ).
"
30IW or .l"-TON C"UIlI'Y
iyl"..rl"C C!;.oraetnlnlc.
1'be .UI.\lU"r~l 'oth coul4n.d In t~h .~I.;>o,ll£ ....
'!l<;.&......1ell do eot .H.~r In 1N1lnl" '7, -'l'1wI roruU":I,














fbi••Jr.lIdH dnh ~ltn tlo. flnel"...,I"" "n3l""curIUlc.
or tn...(.I.ua ..... 1 .011 uri.. r~und In lluton County "nJ



























TII..a ael1a eae ba IIre;,a" l,,~o Ue~r' en ~1Ie b.ah et
for_tIc" 'fill r~UM _urlsls. The aell .arlaa lhu! hI""
.re «reu~aJ 0" ~ble bssle. ~eb .011 urI .. In tb..a oro",'
Ie eon.U,reJ tro. n.a "~",,,OIM of In an(:lourlnt ebarac<'r_
lette. III ~ba 4laeuul"" ..bleh toll."." tlle t.r<;upln,.






















TobIa I OIw' • ..aU ,Ion" ee..~llad for u,la n~jl. Auer_
berg LillI ·"ra run ell ~aloo~acl U"fl.. frolL .. "UlLba,. ef
ag.rleuHu 1 .ell ..rln. Ju,a to tile uru(t1a" nature ef
"'01 ef lllua aono, L1 ..H do~~ .... 11rrleult ~u "orr,il~"o,
G"<;,~" A - lo;uo~ ""J i"~~
t<!"N•. Tllh ~a..h' ""Clor. U.routLllou~ ~ ... ocuc~Y.
,;;........111 10 ..UII,r _11 .....caite. Tr.a Irctlla of '41. soil
h 111~ ...." ..... I.e II"IorO A-I. l~ Ia ....o~hllJ" .. 4.a, 4a-




lrr_ \UU ",,""~et*<l tor ...Ie nucrl
tlipu, Uq.lia Plude
~Jl - !fact.. , u.1t Llaa", " " "" " "
end.on " " "" " "




~&tJrctt t: " "• " ",. " "
IIella " " "" " "ror...... " " "" " "., " "" H ..
Jupor " .- "" " "NUu " " "" " H•• " "
~ ......u. " .- "" ,. "I:Jtbh " " "" .., ""
,.






~u 110.&01 (joeLn' U.H kl tlt
Stod,..ll " .. "" " "3uoh " " ,." " "" " ".. " us.u;.n <0 .. "" " "Tucol. " " "), <, "" " "
'~'lal'" ). " ", •
•
"
taulid 10 10e, ulld .. lHJ d.rr~solc""l .rU'. Fro," an .",,1-
...... Iar; ".l>JJi01Cl, It 1& ut...... ly ,,<>dul •• llla .. ,.~ .heuld
b.. ucldO<! It U -11 pOulbl.. 1'~'" lyp.. or 3:I·...rJ. &011
ap.,..r 00 tM "trlCIIltllral 10H. Mr. :Jd,..rd auot ll:~l \.
U....... l uteoll... 1,,,1 Is typleal or .to ... 1 I, t1urcad
ru" tlel Is to"",J 1n ....a 110''', Till. din" ro. t ••
&.:I rd ....oa la UlH U.• <>U,:,1.., SII"" d'r~.1l baa bea ..
II J. z::t.~f'Il,' 1_ &Uel Ub) Is .. truaHlcnOi IO!!,
r",,;>4 ...dol1 I" l".. .... 0...... a..lll, a,J Is l ..tu_Nh~. ~.­
, ...... u. &.:lu ..... llU ttl "",..-..
~.....u .... t05. Tala IOU oceurl In t~o ...."eUII 01 tr.••ct
tH"'. !Iv ......""" ""." t".) la .. d ..~ ""IOllt or ••01< .<>l ~•• t
la:l Is UU"",ll """,,,drooll .. an aal,.lourlll(: ......hl.
'!'td'•• aUa. p lb.l,r,t) ..n Icallow 1I.~o.1l1 or ... 011. oU'
... :>01. 1'" rl.la apr".' on'foe .nG1n..rl~ lolh '""~
.. o.polo ..ou. Tho ovulylne ."0 .. !eyer urlu 10 ,nl"a_
c... rro.. a ~o 30 In"nll en<! coull b, ucnH'J lr COII-
Hru..~IolI ..u ......uuy In ~I.,u .r.... Tb. un.lerlylnE .'nd
10 ..,II draln,d .001 ..ouln rurnlall' !lOOn foundoUon ... t.rl.l.
lIE"'" A-I 11IuHrat.. 0 prorH, tlplc.l of ~~lo urlu.
Cr<,up B - l"loo.lploln 50lh
KUkUk!,. Tl>.h loll 10 rouO<! elo~ ~II. lroquolt Rlnr
nod It, tributer I.. 10 " ... too CO"MI. H I' forne<! fr...
Ul".t.......I>.td rrG& ~I>.. " .. ,,.....""1"1: "~lol'~ .0110. H II
,IlH ."" r.IrlJ ...Il dnll'od lnt.....Ur. It .,. ..dly occupl••
I .11"..U, I>.J~r tO~.f"'c pooH;oo tl>.on U.....oc!ateJ
_.0.00 urlu .00 rlocJ "It.... 00 l.Gt ,t.."" 00 It for l""ll
perl041 ot tI... KII1'''3y eo"nrun!u" In 1 ....31 "t r..UkU~,"
1,,11 ..~uld nl...oUall nlll an' b-dJ...... Hlltly beelun ef
thl rrob-Ili. or tl<><.>QlllC. Thl d"r•. ~, rlnor" i ..... leH.1 tLit
Mo. ...,.,~ h r a:t It a r.lal\~d,. .'.Uln' d"flh lOll( t".
I ..oq""h .. I un ...,,,Iu t~r~h~ ~ ~"ll~ t,,~""d;tn tu.· 0";01.."
.ul'p<>.tI. J. 1.,.~luI ~ ..utl1 .. "lo;u,~ In d,<Of•.•• l.
~.c..b. TnU .0U h .....~ ""."•• l ..~tl..... n t~. '-UDIUI
.:Ill II ~rJ1 4u,<.<,J. ;t h. ......1, rc~"" h .t.. It••• 3....
Il""t: t .... :.""uol. ill..r 1"-' IU ";'.hrl ••. "rA Idl U
,,'.4<*1"""tI1. slltt elal. ~1_rlV 0.<..10....1.;0"••,"
....otl.1h' H._ aU.• U lJ>o.lI :"r l~1 ta ....uh ..ab ttl a~~N
rro .. I.... ot p<>oru 0,.;"",0 ""~ 101.. r hi on. F~.r. n
tuloll rrorll .. or th!1 loll .;JI-," I:> 1" ..", ~.<.
t'rour C _ -"\Ooonllo D.::t
llg. TMI ... tnhJ ; •• J".r I~;J J.lotil "~5ult;'.· r,.,.
.. loJ ...... lon M I undy <Ill. It .,e"u... u 10" dun"l ond rHro•
• ad II r"und ....It .. <••nllvo)y I~ tl.l );<,"011)... ,,,,..In•. In-
lornll drnl"",. h l~e.. ll.nl .r.d 1< re•••~lu coed eMr~etor_
lltleo r....r fnundatlon ",".lIrio). Tell IrorU.. II 1l1uotr.l.~
1" ill-un ".~.
r. 'fdl letl 1.. e""r •• t.,1Ul~ ~l I rohtluly I,... no..
d.~,,"lt uf .._"ey .ol~r;ol ........ I ll",.< "I.) lill ..... t i~l.
H oe~"rI I .. I ..". or ~l1v.t relhf .w IH~"~" M>-J ,t.
1....r.1 .. ,11"",••1I1....t.rl~t101. "rat....•.. III ",. olsT <Ill
~.."t u,"r111 \I aero r.~t=.rUl l ..... In It•• u~~•• ~C.. tl"4
of th p....tll.. .1.< ItI(>ut JO leOtil .t.. "~T ""lur• .,r ttl
·011 I;.-.d.. lo~o ••1 H, 01.,.. 10 oooHruo~loo ••here oun
uulld o.lo~ ~I;e hod. ~fpl""l eat)' olel prolll•• eu e,,-
oo""'terea. rlllW"e A-~ "ootel"e D prorlle ~lrl,,"1 or <t,ID Doll.
Clleloo!u. T~1s ,""u.hl Is a ••eloped r ....... o tloolDI ~1l1
0_0... :1 or " ......,r~W nr>!. etl~. ehl. e"o r"". rr~~nu.
H I. (0""" 10 "u,.11 Iud ~o de~,.Ulo",,1 e,...~. ~\Irr.ee
r ......rr h 1'" e"'" 1,,~e.o~1 dnl.....,. h poor. nj;W"e .:.-;
..""ulru .0 IH.... ~.~tlo" or ~be ,,,,,rue or Uti eelt. ~j-
"...lne ,ro,,1o&& 1""luJ. J""ln~e. r, ... ~ actio". uA 1",",.1:>&.
T~e ~B~ I:orll"" or t"U ..,U ....~ aore ..rl"lte ele, r,...,..HI ..
• M Ie e pl ..~e or we~u>e.. t" eu~e.
Chunet. Tille I... U:1 """rl, dr.l"e: ... u.hl. :OLe
per."t .-urtel U. felrly pln,le el~, till. 'I'M to,eoll
Is ur, Ll,,b III oq;.ellie _ne. e:>:l ou.ll .. e ~8" r.orlzoo or
ellt)' cl.,. The "Mlle.e~ UII g.erhl Ie r"""J e, • de~'D
or ebC"t 2 teot. i'robled of conetru,.lo" D'. cc>!\Cene~ ... 1.1._
" wHIJ orelMlle .od ~uprorUIll: ,o"e. for ,,,beud... .\
typlc,,1 1',,,t11e la 'lIow" I" rIGu,. A_j.
Oe••o.urr. TIJI' '011 Is qUlu .1 ..lh. to ttle eMI",e••.
Tee .rl .. r1 ultt-nnee 10 ,:;" '''0 eoll. Ie .n ~,.e "II" hO:!zOD.
TU Coerarurr oonUI". " h~QY "",tori~1 oU.lthe: tu IIlschoi
till pe.eot _uri. I. "ra1"""e 10 "'UOD ...~.r d~e <0 t-""
..rAy ""I<.r' ot ~Lh _ ..:101. The poo:eot rl.l ',""0:.
to'" e t.I~I, 1\004 rou",btloQ =alerlsl. 1111 e A..~ co"ulne
• ~rorll. t,pl"'l ot .~h 0011.
,toOk.eU. TIl10 so!1 10 <leulope<l 010. £", .. 11.1' poou..t
MUriel, .fP.roUI, .,Ur <l'i"'d~ed. I" "pl.<d eru•. :t 11
'"
_.u~.11 ... Il 4...1",d 10<8..""11, .011 ."rr.....""orr hi""'.
Tt. f> <0 II Ine~.. or <opaoH h WV> I,. 0.,,;11010 couUn< uo
ourU••• nodI chI ."baoll. ;" atrUt or -dlrt1 llr~ul· h
'"WId U • "aptb of .bout • r t. PHa 11Io........ op.""d 10
U.la v_nlll nr.t& 1" .. " bot: or ;110". ""t 00•• a ..
""r~.:1 at UI. ;r.~.lIt <lao!. H \_ ra1rl1"'U .....~.~ ..:~
...".1<1 eo.pet to ntnt .. I, !l.ltfI ""It ~.lttU. feral.,.. ..
...... rouoJUloe ""t.:la1. 1..,.."u.. , Itt &I"~.. l nreU h
qalta ... rbbla Ia loIH" ~ ~,......Ut) of .urlal
... 110. ..10. Is <lOt too 1I: t. 71{;=. J.-4 1l1l.Urua .. ~ .... rll.
trrle/lOl "r u,u .,,11.
S"l,ut. ir'" tW ~ro!ll' \0 1I("re ~_ .. It 1••l~reot
.<At ttlh \ .... 1.,JOLla.nlll clAJ· ""ur.-l. :a h ~~orll
onload ..W ." ....Ilt. prIolo.." Inletl of n". tr~Jn.~. 11utl0
aoll». 1ba•• 11101 .... 10" "".portIo\. lo.,r, \lr .. I".... , ' ....11Dg.
0. ..0 fron .ctloo.
Group 0 _ Lau .,,<1 Out"UO ~1.ln.
~. TOI••011 Is IQuno In ••• L81lU'" bIo.ln In levol
tQ ourly lull ~opo;;r~~I:I••It\UO~lo.... It It I.~c.. ln..ntly
• qUllH~ • ...,01 .na Is ".11 a.~Jnu 10"'11311, "h... • 0. puull_
106 IlISI: .... Icr Ubi. 1;&. nuo lo_er.a b' .nHlcl.l d ... ln~l'·
TIlU '011 runltllu n •• I1."••u~rlOl1' ........ 1.1••lId .O\£lnur-
1110; r.oal.u olt... thn d...lnn!. n" In.IIllltlunt. Ylt~••
A_I. nont.ln•• r.orli. Dr ttlt .011.
Conrtd. Tilit ""te.hl It • uoel .Iail.. to It...lid•.
r ....... Dr Con.... '011 bo .. ~O ..tJrlol8llr 4rtl.o-.:l .nd
..,.~ H. ~ftdtt .au~. o~ 0.. ~11 ao, d... ~o \ft. utnadl b1~h
..~..~ h~l•••htt. ~~••aU~ ~a~l. cee ow lowene. nb .oll
off.n llO alG"Hlh"t .cl/:la...d<.t: ~~o~l....nd f"releb... ~ood.
."lIene. Ntedel. A <,ple"l ;~oftle h Illu.uaue I" r1s""e
.1._>.
DeffOO~. Tble h • houattloe .011 ourl,lac: • fano<
Nurl.l of ..tultleO .. 001 a<;,l 111< "lu 0.0.. hca.. or ola,
a1>3 rlna vanl. Th. <OpIOU ...ar.rl~ 10 4al~O fr<;& 0 \0
.1>c~t 12 h.tel. Ie I.LI&O Ih ors,.,,10 .0ct.M an4 0.... 11.. a
..lUl, a/lJ atlt, ela, aub...l!. 'r~ ""..,ot tthl h a'"
c...."ur-.l at aD<.u~ ) r.... ::l.h .,,11 l-e p«Ir lottt""l
4rda-I' ••lIancUdatic. du. te II•• lI~tur. or tta "Il" urhoD.
The "" ••nt .. ~atlal fu.nl"lIe. ~¢ foO,.htJ"o _ ...1.1. 1Iaw,
...r. If tha 'Il" IOOrlzon U ....d )n .ul>£u4... troubl. cao
oe Up.O~.4. 11S""a J,,> conlalo ~ profll. or \/l.U .011.
Dalla. Toll II a .ttl poerll 4nlnao .011 .•0Ul lottt"·
all1 .D<l an.rMlll. Under wHu.d 4ul""ga oc"H~lo... lIO.t
Of tll"a ar.....a pondaa for ..... b or tb. 1.... Tha "S' bo.1_
~On h a 1l1,"ll plutlo alltl ohl _t.dal "lth loor "oH0rt-
Ing p.,....t. Tu ""not .......·ld 1•• at..~lfIo4 .IH, ••nd.,
.0<1 ch,. "itl. \t. cl., pt~oal.... oUe,. Tha aoll h POOt fot
a4jtlcaa.lll4 f~'PO'" h ,.Urd). It le "'1 aUle.p~lhl. to
f..,.~ .. nOA ."'" p...plAt..
[oru_A. Tth aoll la a la..... trl ... _~••lal dualoped
f .... a panM _urlal of !>t..t1rla~ I.,ar. of a8O<l .~ alH
..It:; ...... lao... of el" a.col n". 5""" '1:0. topaoll la
Illp 10 o~.Al~ cen.."t .:0:1 ""erika ......11 ell,. Tllla
_~.. IU e""t.I~••~0I'(11 a",,~ .0Il .11, ~e 1:1.. H ",OIl.nu
I11tU'ul ~rel""t:. elw,.:lOU,.lsUe •. T~. el.., e~II~.'" Ine,......
..H~ e.F~11 .al h 8~~'.~t,..,.~ Ju...""u the rer.ct .....rht.
J ... I .....". III 'l1h Hc.~a la .8,.y rocr .<.d til••011 18 ncy
rhHia ..I:e~ ..t. 1'11a ~"'r.l ::.<oUrlal 18 .. tool ..tubl, "--
....r. f",r .... 1D CII!>er"*C •• a<l<l _b.J~IIU. YI£"",a '\.6 acctaln
a Ft'Cflia ~YFla.l o~ tills ...11.
C"'~bl. Tllla h a ""~ aa.<W <lalo*it al.H~" to the .\lI<1a
...<1 ;;011,..,". It oco"". In U. Lac",.." •• l:> I .. auoabUon
ur, 1.L1.;o aM ..ea,.. ..., an1flclal ",.~I"'b. Ia. U.n Iro.14."
ttc loll It ....otldll fo;>Qc.l f.,r ...cl1 cf til. ,ut. Cn.
p...... of u.a C,..OOI OU • "'~~f ...~01l. TIlU aluta Is atel .. ,
10 leot.. III 'Lie a"" oc~",.. .. a <I.pll1 of al>O"t 12 1D~n...
TI1t r ... lnl ... p of lll. cranOl offcc no .Qf;lllncl"t. pcob_
It 1. (ooJ ... tcrlal
*,/;.e.,.. TI1I. I ••Uo .. <leep eon... TIla an61nurlng
ol>araet.rIHIU of tlli••0H indio.'. tl,~t l~ II .n uo.ll ... ,
pr...nts no .I(l\itla.nt .nel"••clnl preble.. A p"'fll.
appc~,.. III FIc..,.a 4-6.
lasr".. Tllla aoll oca..,.a Ie arll <lapoalll Frl"el~1l7
1" U•• 1r IIOla SeaUon. It 1: u..doFed froa a nntHla<l
F.,..."t _ud.1 aelltallll,,& la1U. ef _ aod aUt "Hil so_
t ...... or alay ..... tina voul. It OU"". 1. a 1I1l>,.11 topograrllic
) "
~os1tlon and h r.l~lf .."n d~"ln.d. T~. ""rent ....urls' orreu
Cood _~.r1d tor su~ad.. aU (010",10<10"&, OU~ tU "e" horl-
s"" COOhlU • COIl.lhnbla ."""unt or cla1 a,.., Is ...~t I...
d ..lnola. J. <u:!ca! ~rorH. h 111"-'."'" In '11:'0'"& :'-7.
1.. \1.... TIlU h .. ooarlu ..,.tarhl. tolU.13' urhola.
'lit .. lUI a181 ~ ...oo..lQI"ltlCl'; tCr'h.DIOu, tM ~:utll.. H h
un.".11 ~c.orl1 0.,,1:>-..1 nao _tar. utlriahl lInJ.o."t':" ....
0 FlOaloa:l tor a."lcu!Uu"al turj'O'''' H h • .,..1I.._
t" 1 0••• 1,1'1 ....... oapos\< of _rl. Tea ."""011 ."" the faua,
_'e.lal , ... bl£1l11 IJu,lc ola1 ooatal:>l".; It"... or .d
an' Fr...na .", Irobla ~... ~1Od tor '"'-'f:lsu.11IC F"rpo....
It 18 auscaptl!>la to t actloo _$ tlO2f'lnr an<! _IOU roO..
.. " ••, loa Ilipportlll6 F""U. fleur. "·1 cont.lu .. FratUs
'IFleal or <lib aoll.
"nbla. Tala soli <>couu In n.,,"lt l ..al 'rUS aoo ,,,
ur, poorly oul".,'!. Tlla to,"oll h low In orll.nle eonu~t
aod ourlla•• aacd1 ela)' _~arlal. Ttlh .~b.oll end..
In~o •• 1I~1 elay obo'lo tho ronnt •• urlal ano! raa.<leu
droJn'~o, Tn. ~,.. roct Mudal 10 otrfttlrl.~ "n~ .c~ .Ilt
"ltll .0.. el.y .lId rtn.. un.. 1 .nd I ... /SOOd ro~n~.tloo
..urlal. IlItll~..rla" prabl••• eonoOlt" d .... lo-t;••"" .~p­
po.Ulltl po~.' .bo.. u,. ·C· ..orhoo. rl6~ro /,-1 Ill,Hra'U
••,plnt ;rotll •.
Ko.oeeo. 'I'nh 0011 oeeuro 1n tllO book" Baoln. :;:t Ia
• d••p .........pooH "1l1el: I. 00 ue.l1a::t eon etlo'l au.1ol.
Tn nur ulll. U 1>101. t.c> a~ pro ~:'O,la.... The
'''''t ..:101 11"..11 .nlaod tnter U, .l>oOn U te••,,":>1. la.
)
".~ l"nrR. "/:"'" 1.-8 co,,~... l,," • ;11'10101 rrorlh.
R.....dnr. 1'~h Is .. ~oo.l, <lral",." ... llrhl o"" .... tlllA
In 101 lo~...:r.l'blc poIHI"",.. TU ...blol1 II ,llnlc .h"
'In lOCI p .....ou ,'''hIe... cancernlce dul...," 100 l,,~ .....
l'onl"6 ~o.u. Tae "C' I..o"ho:l. Is • &<lob "ttl" h ..rl"'!:
_urhl and rlU"nl ..... 1;"'" .....ponl"l!: 10<10.£ ..I. ~ Ie
...blln"•• Icd ,,,,,,,"u.."U. I. ll~le~l ,",nil Is lll"~lnad
'" 71~t. 1.·5.
Stroh. This II' ch, utethl .llI. ury feat <1..11 ...1';"
c","teeurhtl.l. 10r IQ41e..r:r-c ...... H '" • 1'<10£ tl.ill.
H rrl.eou ,rob...... O"C~to....Htl 10>0 '''Honl"" fO .
1'0&$11114••"" fron IClloo. Tn, "j.,L dAJ' «ntlot Ie _uaunt
rrol ltA p'orth in 7It.......·8.
Th 'I.O!!!!,. ,.,,1. a..terld .1 to",," jq old ell."".... At
"'ll'l"& of ttc. l to I'; rut Or ""I&t, a urn. 0: troul ..""
co,," lAM Is ro ..n~. Tn. g U, urate Is curhlll b7
peol III ..,u 10Ite".u, bll' be o..... ln ~1 • V~uHY uno
.nd .ll~. Tilt tn.. l .."tultl II .try tood borro...n<! 10
I .ourot or • l1 ..1t.d .lOC\lnt or IWIEt~.. 'I'1.t frofH. of
tlllt .oil II Jllultn~.d In FIt.... "'-9·
1u'901l. Tnlt I•• .IIO..l ..... Uly "~ll 4rolnd loll "hlell
oeoUl" In Illth ~oP<'$r~~Uo .,o.1tlou nttr tilt JroQu011 RiTer.
1ht ~op.oll h 10" I" orl!:~"le eo,,<.nt .,.;l .bout 0 IMlltS \II
hpUl.. Jt o..rli... IIIt7 U.,. .ub.oll. Til. ttnotlrJ.d
poft,,~ Murl.I It unouoter'" It .bou~ ) hn .,-,.j I. p'''-
<I<H<.1 ...ntl,. .Ilt 100 ..no, bu~ I~ n""ul". 10M lty.n or
"laT ."d n'lt Q'ly..l. Pi!':urto .1.-9 "on~.11l • r~rll. c.r u,u
aoll.
fal ... TIIII la a ..dl d .... lc.d. d"F ..n~ UFO~Il. 10
_~ .r..a .~.n ~lIh .,,11 Is r",,~~ ~n••~Ur ~alli. cSi ilia"
lowarod ror aul.ult""al ~"rpo..' .:><1 1>0 .... I ...arl'" Irolll.aIl
or , lo......; ...nc. ,r..."",,=~.~Id. It I. a I"~o.l cc".Hr.. :~lco
,,",~ 1.1. Atal.... l ':0111' "1 U III Fl4""'·' A_'.
'oouo. Till. Is Ibo laJ14 ~';.".It. bi.U.:, It
dirt.... try. ~O' ~II'" III tL.t .. la,ar of "Oil,\' all<l ,,""~1
aurhl oc:o~r~ .. " o.;;to ot 'l>O~t "r.... T"h .u,., ..rll~
rro. I> to 1i I"":u II> t!lJc"-,,u•. 11/(\J'1 1._10 cOctl!QI •
r:orlll ~Hlcd of tllla 1011.
;!21l :~I~~lClc.tloo
TllIl' lJ .u utrIC'd<l fro. &llletin 87 ''oJ. H lrn'el'
• "_r, of ~LI ..;lOdl ~U:loll l!'l,arl...: In \III '1PICll ,rD·
tu... '1'1>1 ;l..cdr~lolla of "'U,"" .~lell follow dlsell.. ~bI
ollo ..eu:letiea of ~M ...tlrld. a"cmulzld In 'fUI' 11.
11Horlai No. I _ 'for.oll. 'filII ....Url~1 IHIMa to
• ,,"ptll aeldo.lll er.. ter ~n.lI ° t ... hell.. OM "", "o".ill'
b' roe06nhd<l 111 HI cli6ne~..rl~~lc color, It I nl£1I 0,60nlc
con~'nl. 0, ~.. ~"rol dIUe:onc... &'c,,,,, l~ cln III
Id,n~lCll<l II, .la,,~1 In'l.o<loll.lIIJ In ~Np,nth 1:0 .0
urlllll., no ~.. ~ : ....Ito ".,.1 ....... tor eluolt,lnt; ~Oy
aoU.
!.aurld 110, 2 _ .,..,<Ill. _~ aolll cctluh lu,lllj!
q ...."thIU ct &;>hrl.l r ..~llIoO Ie. .h' Nt.... " t~....0. 10
'0
anll 1.0••00 Ii.... , ~"""\!th. Q ..l&4.h4 ... t"e "Un<I
rnotlon." I."." U.l. sin or _url.1 pu4oa.l tu, t,,"
.011 h dault/lIlI ....... <>1 bl oU",1 lJI.~.. tlo 1.1\1.
u ..hU"... in g...4 ..!00. ar. hl":II:l. tbe Id,. a d"". ""-
~...lU traQIl ...tlr rep'h."tln« tb.. rilla O...·.IUll "1",
wlU, 41.,,1&' "ayGalts ..... .,.Ur ••\'" ....o<lU !rca. """he
to n .... -rnta _t.rlal Is UaUi".1 ..Ht tt. Bur.. " et
Publio ;,."&,,. ~-) S<l11.
lIourld 110. J _ Crt,..1 .1><1 .><o.J. 1 ........ "17 elM..
U ...el u"' ..:>4 ... 1 ....n l .. lpa'aJ II "G'Sul ••,J ....04.-
110 leits a .. _C"'''''7 reI' H.".lrl".,10n '''''ro''', 11-
l1.ollt·.Il ....tu r ...... I ... 1.......1;... U IftJlc ...".
"'Huhl ;:0. t - Croul, .,.,n<I. '>Ilt, .nn Chr.
Cl.cbl at' .Iu. "'joaiu tu,..."U, CO"'I"'" or •
...n &UO..:l gruel "o"l~lnl"ll ~ tv .... lIn"aLt or """,
dh, ."" chI -1 ........ bun " ••" u.. Obf,•• I"".llfl-
oilion. "hu a"olysu a .." "'1l1I'U tor ,,,aHI'" IUr._
Utl.lllon. !.<I.. liquid 1l.•.H •• re lr.~lo.~.d fer u.•
..~.rhl ~•• 'lno. ~Ue ;;0. ~O-....II .a... ~ll. llo.~lcl~y
l.dU IIt••u1ly btl"Ol utlo.. 10 or 12. Tbh la ~b. 6u"'~11
ot ~uOli. Rou. ;;·1 soli ~"'J I. otun ld l ror ~urrle_
""'~,,; ...rt.o.. or 1<1 ....... I ....."" .. tor COIlU,,'.
I,JHerltl lIo. ~ - SIH - Cltl, 30"', tcd Guul.
Tllio •••rlol, rreqll.ntll urtrn1 .0.' ~Jlnl VUol,·
eOllul"•• bou~ r,;uat Iro~onlo"," or _urltl .00u .co
kl.... tc. ~lo. <?GO..... I: ,leu. .0rol<1le .,,0 rl ••r tu_
rec' Upo.lu rreqU.",lI, enotol .. o"ell 0011.
"
IIn..-l .. l !Ie. I> - Oillt. TIlU unu.... l .oll I....111
recO€.llhe<l 01 ~<)Ucll heeu.. of It, Uhf tUUU. lel~
1.~td7 • cn.·Utftd ..t ..~hl .. lid " ..1,,& deflcH_ ~1..t1cH1
.. 11<I colluloe ..lien _t, ,et Uln. cOlluloo _11." ~.,. It
!lila .. low n,o& of ;olut!c lIalt .. 00_•••.-.1 to l1qol4
U.,u. Till.....url.l 1. CO...... '1 ••rUtU to .. "rou_
no.... " Ult ,Ad hili ..1<,,1<> to.o !llU"..o of <,colle 1I0.0~'
.. -4 .011 vo<l;; .
...arlel 100. 7 - "lit "nil ';;.oJ ....afor IOu..!. Tllla
o,,_11 tlf"' of &On, CO&O~o.:1 .. Ill. W1urJd ';0. a, Fu<lo-.-
t pooUlIt " ....1&1 1<1 CIOto lil. ~1.e"".1D ar.a !lll_
",,1 &leohl 4'FO~IU. 1'0& uaouhr tnt"... , ln~lcHeel
111 ~tll 11...."d" •• and "T..l,· cCll,rJbu.u to tb
I .... l1qul4 ll.llll ..<0<1 ploniclt) 104••••1"... Tne re-
lnlulr 1l1ll.D 1&1><:...0.1 ulgllU Ico'J'&cteell ahe JodlceU
aeoarell, tood pe.Coc£,>oc. for uu .....b.,,"..ou Of 'I:b_
S....o ....b.o propuly 001l1,cu4.
~t.rlal :io. 8 - Silt "HII CUr eM Sfon4. 11111 la a
lIOn plUUo ...urlal t""~ ..... t.dOl ,10. 7 .. \til .ou"roo~­
l"l!'ly III~hr Hq~14 ll ..H and plut1.lty lod... and alight_
Iy lower .o..~o.t.d d ••• IlI ...
....ur1d lio. '" - ,;llt ChI. 11110 ~I\~ ..... l 0011 11
.1.11... lo IIooU.ld llo. l>, b~t beo 0 .lllllltly Lieller olay
oocl.cl ..lt~ r.o~lll06 h1&hor ~tt.r~rl Lllllita. the
oilOJ' lul..... ot the loo. l> 11 "r.McL Tee n ••IUO.... Ur
1.....0..~ne4 4 nl .. Ic~I...u • lro~bl."'", .oll, par_
.1.~I.rlY 10 co r~.tICG ..~. _11.0 til. 1I01 ••~r. cooteot
..
...... <11 honda tU ~lutlc H.n. '1'.,11 .. <-.111 U
"""hleat I .. aOM !l.orlUlu or tile 111100ilD lirHt .r.
aM II ~1PIUI or tne aur.. ~ or tuollo lieu. "-S '011. •
Mlulal ';0. 10 - Ch1 "uo .,Ilt aad Jallll. TI:ll
coa.oa tn' cr .... 11 6&.,,, .... 111 r. •• ph"I~Hl 10<1.. or
011oO\1. ~o ~rc.~t or d •• lIq"H lIa!t coetr ...'" to ."'"
....ell 10_r rlan,cHr l.<:<lu or ll:, "Y 1I01l--.. tul
canulo:>:!l....~h tor 11~,,1<I 1111.111 n. th.
_Uch} Ilea " <n'l l chI_lin, nluJ l e"--"I:.~
4r,. tl:••nnlal II ~ .. IU tar:! .:><1 cellUlin 'erl"i<~e-
cr..cu. Til......t.rt.1 II ro,,1'>1 •• ~cl" ,..." Or (roq....",_
11" tM '5· ""rluo or """"1 ar tM Iot"eo".I" 4tH• • clh,
poonlclllarir ,110" "'adue (roa "q:llllcao,,' .hl...
~urhl ~o. 11 - Clly ·.\tl: Jilt. Tile aOhnee or
uoJ II 1""lc~U4 1.0. toll .oll 41 bot .. ale...411,all ."d
41 U.- n1HI ... 11 litO' plutlcHr 1M... In nlHta.. to
<1. liquid lloJt. Til" .oII ,uu more <tHlnl." cla, IrOp&r-
~l .. ~llaa ~~e Na. 10 aoH, ..HII oarr..~aa~lll£lf la'ur
l'hon~arf oa"Jl'lo~od "alt;n~a. 111 Ule lIuuul 'H~O. do-
rl~H' auu.~uu l"'<uc!>S aco oa...,II, IWU r .. ldu.l.
houstr\II', ,0<1 depuuloll'l oaUa oaa~e1n tnla _tulol
In aa.. IlOrholl.
Leurl,l :;a. la - ClflJ' .. ltn .lilt (Collaldol!.
I< llIot1>Lr 0011..1.. ..,n _HI> "10111 liquid II-.in aM tllt1l
~1..tJlI U.alta ••y..... ltr o~ar 70 parout of U.. liquid
1I"IL Tile .011 1& fo....'>11 ,,00.. looaI11 10 ouUI" t:eoo-
lecloal strata .u,,11 .a a<,<:I'1a, 10 Hust""a r.. ld .... l
"
nau, a.w in eo. hYd or d'rr... l~n aoU. cr 1I•• ,,\..
cocelo <lrln. The ciay-lih eoHI eu ...~n"clt4 ~1
lell ""•. S. 10, 11, ~DIl I""··:;,,. B .... 1lJt, lbo l.aH co-
.... he aa:l 110. 12.\ b....... ll.e .... U COIle.ln. {~ol' t.t.
Gee"....."",' or lllla soli j"",..,!.Ull abo'o"e odroc. lD tt.
Bl~~~lOO, ~r.l0. ;cr1:lCo. TreJarick. hI,erlloa", .c~
lItl_.... -..11 ~ro,I.... •• ull" In Cl7'la, Ce""ur. elO<l
... .,10••00.1
-alui,l lie. l~il· C1oo1 -Itn '>IH lllrVolllcl .....
....." .... 1 _011. a1&11& .. to Joll 110•• 0 ."" 0; 10 U'., 'lie
pluUc us,a II uee,llondll lew III eo .....~Uo" to tbe
l1~"ld llaH. It h lIO' "IlCO"'O to tlllll ~IU "Itt.
lI~"U Halt or 100 or OUr a:od • corrUIOftJlog Ih~llclll
1""" 1.... tlla .. ~~. 11loo _terlal U not .lJ"lre~:l. be_
1"8 lho1U1 ~rl ..... r1l1 to 4el,..... \on eolll. 'tne Illta ar.
nrn..nl'~ ~1 eoll lion. lI, 9. eD<l u~. tllo" lbe occUr-
nne. or !.bll loll In Brady. :,".'0", alld ,,31dll.)
K.lluhl ,10. l) • Roc~-.,oI1 "i:l~~r•• TnU ""udal
1. OO~ oo n u. "otl.~ .011, H. <Ih~l"lo~'lon b.I/IlI
..,r. or 1 llaltU ~o r.~I<I~,1 _u•• ~tl.u roo.-.ol1
cJ.~~r r .. 00=0 In o~~., "r ~o .~oll ll.olot;lod tl~"
...n npr...n'e<l. "1 Lo...... I.·lIIWJ\o... <1'roelt. or Lb..
or<lo.lol.o ""'&6. ~Il-".\ oo....\.o~•••rl _1<1'11·
lbudd llo. 1... • );a.:i<, .... \. or Cod. Ttll. he':>.I
18 ,...0 ••u:L8iul1 for orp,,:o <I'FOdu III U...Uoons1l>
<Irlft .un .,,0 fer t .... "",18 "f U......lI4811 ..01." .:rn....
Th.. _ur1818 are Ue"tlfld r ...Hl1 111 l .... f."Uc".
•
~. tl'f!~~
H 'lJ i'I~;I';~'~'~'+-I4++-I-i. ~ -1-··· I
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